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S u'inifir instruments are the csseniial um)Is ol'tJa' 
scientist, and alsu iJh' material evidena- of the de- 
v«']opment oC scieiK-e. 'Iliis is the first Ixiok to deal 
with the vast ranjje ul' instruinenis and apparatus 
made and ust-d «hirinR the exeitin^ years of the 
nineteenth letiturv, when mod<'ni science came of 
age 'Ilie scientists of this ajje were ex])U>rers 
whosi- (hMoveries created a cuniplelely new en- 
vironment for Wi'sterri man, 'Hie fer\ our of inven- 
tion took n«> account ()f boundaries, and reached its 
zenith in the ^;reat international exhihiiioiis. 

Among the many new fields i>l scientific enquiry 
consideretl in the hook are eUx-tro-magnetism, 
sjK't troMDpy, |N>lar)i^ation of light, sound synthesis 
and recording, high vacuum te<hnoh)gy, and the 
kinetic ihei)ry of gases 'Hie varie<l, intricate, and 
often beautiful aj>paralus used in research and 
teacliiiig during this ini|Nirtant [leriod is set in its 
scientific anti historical context, and illustrated with 
over l-Kt plates ol examples from I'.uropeaii «X)llci"- 
tioiis and contemp«>rary engrav nigs. 

I-ast eeiiturj''.s scientific in.strunienis still exist in 
considerable nunilHTs, and are rea<iilv a\ ailable to 
collectors, Ih)I1i private ami institutional This hcnik 
provides a unique aid to their identification, a.s well 
as providing atvurate and detailed information on 
function and dating. It shouhl prove invaluahle to 
museum stall' and historians, as well as to collectors 
and the antiques trade. 
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Foreword 



In 1H.S8 the chemist Thomas Graham wrote ill his lecture notes for 
Wednesday lOth tXtober: 

It is curious how much the progress of science de|X'iids ujion the 
ifuention atul impro\ eriieiu of instruments. How much the ex|X'ri- 
nieiual Phil" is beholden to the jx'rfecti»»n of tools with which lie 
operates. 

Tlie nineteenth century was a crucial period for the invention and 
inipnjvemeiit of .scientific instruments for researcli, for educational 
demonstration and for routine measurement. Their importance was 
acknowledged in ISTi) by the South Kensington Mu.seum (fn>m which 
the Science Mu.seum has grown) by a huge exhibitii>n called 'I'he 
Sfiecial Ixian Collection of Sc ientific Apparatus, the catalogue of which 
records k>7t) entries. The conunitlee organizing it represented tlie 
scientific establishment of the day including the President of the Royal 
StK'iety. Sir Jt>seph Dalton Hooker, and eighty-one Fellows. The 
exhibition brought together renowned historical items from all [xarts 
of Kur4)pe. for example (Jalileo's telescopes, .Antoni van Ix-euwen- 
hoek'smicrosco{>eand Michael Faraday's coils. But the bulk of material 
exhibited consisted of contemporary instruments u.sed for teai-hing and 
it was considered that the development of a new museum would teiul 
to the advancement of science, and be of great .serN ice to the industrial 
l>rogress of this country'. 

I have kru)wn the author, (ierard Turner, and his work f«>r many 
years and I am delighted that he has turned iiis attention to the rather 
neglected field of nineteenth-century instruments. It was, after all, 
the fx-riod when for the first time the ordinary man might have 
experienced their use at work and the first time a child might have 
been taught .science in the changing .school curriculum. Instrument- 
making itself underwent fundamental change: in IHCK) Jesse Kamsdeii, 
who made the first circular dividing engine, was .still alive: by the end 
ot the century, tlie C ambridge Scientific Instrument Company was prt>- 
ducing a f ull range of electrical measuring apparatus on a large .scale. 
'I'he r«Me of instruments has not had its due sliare <if recognition in 
reii-nt studies in tlie history of .science, and it is hoped »li;it this book 
will help redress the balance. 

Margaret Weston 

Director of the Science Museum, loindon 
January If'Ha 
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The Scientific Instrument Commission strongly urges the presenntion of 
scientific instrumoUSt especially those of the nineteenth and twentieth centur- 
ies. 

Resolution carried nem. am. 

at the XVI [ntenntional Congress of the History of Scienoe, 
Budnmt, I September 1981 

One purpose of this book is to help in preser\'tng scientific instruments 
of till- rtrent past by providing an intrnclm r<ir\ ^iiitk' to the range that 
may be Ibund. The resolution at the head ut this chapter was presented 
because it was realized that the nineteendi oentuty was a period of dram- 
atic rhat)go, iin ention, and development in scientific apparatus, which 
was prtxlucecl in mcrcasing quantity during thcccntiirv Many ot'tlitsf 
instruments are inijxjrtant in the history of science and teciinology, but 
may well be diare^^urded today, either because they are not recognized 
fw what they are, or because all out-of-date scientific e<]uipnieiit is 
assumed to be expendable. In m Imols, colleges, and industrial labora- 
tories where science was tauglu ui i)ractised around the turn of the 
present century, diere are likiely to be dus^ cupboards where many 

df the instninx-nts ilcMTllx-d licrc are hidden away. Tin- many instru- 
ments available make tins period particularly popular for tlie collector, 
who, it is hoped, will find that the task of identification has been made 
easier through the many illustrations of instruments and their detailed 
descriptions in the captions. 

It must be stressed tliat tliis buuk offers <Mily an introduciiun tu a 
very big subject. It would be perfectly possible to write one, or more 
than one, book on the subject-matter dealt with in each chapter. The 
advantages of presenting a review of the entire range of instruments 
are that it should stimulate interest and inquiry, thus leading to further 
work, and that the cumidative effect of the book should convey die 
scientific fla\ our of tin- iK rioi! in a way that more detailed and restricted 
studies cannot do. To put it another way, some of tiie chapters are 
highly scientific, others much less so. The pre-eminent discovery of 
the nineteendi century was that of current electricity, and atiother field 
largely developed in the same period was the science of sound ; instru- 
ments for surveying and navigation, on the other hand, remained basic- 
ally unchanged fan type, but became more accurate and efficient. It is 
also interesting to see how the subject areas distinguished for <-ori\ en- 
lence into separate diapters (following the nineteenth-century termino- 
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lojryl interact and overlap, sometimes witli tlie scientists and inven- 
tors working in two or more tields. An t.-ntirely new factor that strongly 
affected the development and production of scientific instruments for 
the first tiim ill the nineteenth rentun,', was the demand for ai^Nuratus 
to test lotxl tor quality and purity, and to be used in the business of 
standardizing all kinds ot products, t^xamples of this are such instru- 
menta as the saccharimeter and die hygrometer, and mudi of the weigh- 
ing and measuring equipment described in Chapter S. 

C AT EGORIES O F I N ST R IM F N TS 

llic iiistriitnents dealt with in this book can usefully be divided into 

four cutc^dries: 

1 . Physual and umlytical instruments. Tliesc arc the tools of the re- 
search scientist, such as electrostatic generators, galvanometers and 
air-pumps : and instruments used for analysis and measurement, such 

as precision balances and s{)e( tn)sr<>pes 

8. Professional instrumnti. I hesc are the instruments used by land- 
surveyors, navigators, ardiitects, meteorologists, and customs offi- 
cers, among others, including the theodolite, the slide-rule, the 

anemometer and tlie hydrometer 

8. Ttut Juiig instruments. These aga in can lie sul>-iii\ ided, into apjxira- 
tus to demonstrate a particular pl^skal effect, such as the wave- 
machine do ii;nt< I to show the action of light waves, or a water pump 
with jrlass cyhntii rs, to demonstrate the action ot tlie pistons and 
valves; and into the ap{iaratus used for a key e\|>eriment, such as 
FVesnel's bi-prism, which was produced over a long period for dass 

leacliiiii; 

4. Hetreulivnal instruments. Here, too, tliere are categories. Some 
devices used purely for amusement, such as the kaleidoscope or the 
stereosco|K', embody a scientific principle, and are therefore In- 
cluded: other-i had a dual role as scientific instruments, ami for use 
by tile amateur. Tiie best example here is tlie niicro.scope, which 
was markedly improved in the ISSOs, so that it was used in many 
branches of science, but which continued to be popular for use in 
tiie home. 

There :\rr some ("itei-dr ii s of scientific instrument that Ik en 

deliberately excluded Iriuii this l]ook. One group compri.ses itistrumeiits 
and apparatus too large or cimnbersome for collection, except by specia- 
list nuiseiinis. Such are the nuijority of astronomical and observatory 
instruments, and some chemical and mechanical apparatus. Medical 
instruments are not included, because they are the subject of a recently 
publiidied and thoroi^h study, and because they are also very tradition- 
al in desio-n. and were not, in general, made by scientific instrument 
makers. Not dealt with in detail are domestic clocks (though electric 
clocks are discussed ), since they de|x-iKl for their variety rather on theu- 
cases than their mechanism, and are, therefore, largely to be treated 
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f^lj Krotit thriatali)gui' ot I'hadhuni as objets d'drl. Clocks are also the subject of an extensive spenialist liter- 

Brothers, Shetfield, iH->\.Siiriut Musmm. ature. 'I hc same is true of the domestic barometer, which has been 

studied in detail by two recent writers (see Bil)liograpliy ). lliat most 
ubicjuitous of'instnimcnts, the microscope, may not apjvar to have been 
given the attention it deserves in this book, but it has been dealt with 
elsewhere, and particularly in two books by the present author (sec 
Bibliography). 



TEXT AND ILLUSTRATIONS 

The book presents its information in words and pictures. In the 
chapters, the objective has been t(} outline the contemporary knowledge 
of each subject through the course of the nineteenth century, and to 
describe bricHy some of the chief discoveries and advances made. Tliis 
should provide the setting into which the instruments illustrated fit. 
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[[2]] A iTiid- 1 9tli-tx'imin' retailer's card. 
Scitnce Museum. 
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and is essential if they are to be underst(H)d and appreciated, both in 
relation to earlier instruments, and as the forerunners of modern appar- 
atus. In providing the background, names are ver\- important, not only 
those of leading scientists, whose discoveries are often embodied in 
teaching apparatus, but also the instrument makers and inventors, who 
went to work, once a discovery had been announced, to produce and 
perfect the practical applications. These are the men who.ve names often 
appear on the instruments them.selves, and enable them to lie dated. 

Even though tliere are more than +00 illustrations in this book, the 
selection frtmi tin- i-x»i!r>sivo rang«- available is bound to apjioar arbi- 
trary. The Negretti & Zanibra catalogue of c. 1880 includes well over 
3O0O items. CJriffin's catalogue, entitled Sdentijic Handicraft, and pub- 
lished c. I9O0, contains at a rough count over 6000 pieces of apparatus, 
in the main for teaching. A more satisfactorj- basis for the selection 
of many of the instruments was to draw on the holdings of tliat unique 
teaching and re.search institution, the Teyler's Foundation, Haarlem, 
The Netherlands. This collection is not, as are most museums of science 
and technology, a Frankenstein monster, with the objects amassed 
haphazardly. Teyler's is an organic growth, for which the physical 
apparatus (there is virtually no chemical apparatus) was purcha.sed 
w ithin a few years of invention or first devising, and remains in almost 
mint condition. Several chapters, especially that on sound, have relied 
heavily on the collection in Teyler's Museum. For mechanics and 
hydrostatics, however, demonstration pieces bought in the late eigh- 
teenth century continued to be used in Teyler's, and therefore nine- 
teentlMTentury versions are not to be found in the collection. Because 
it was a purely scientific institution, it is no use looking in Teyler's 
for a representative range of nineteenth-century microscopes, or sur- 
veying instruments. Vor such items, other collections have been used, 
for example, the Whipple Museum of the History of ScietKe in Cam- 
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Qaj A trade card of the late 1 9tli century. 
The theodolite is of the Everest type. 
Science Museum. 




bridge, England, which possesses a representative group of equipment 
for the .sur\cyor, of which a catalogue has recently been publi.shed. 
Returning to Teyler's, another of its advantages is that instruments 
were purchased from makers in CJermany, France, and England, as well 
as Tile Netherlands, something tliat would have been less likely to hap- 
pen in the ca.se of similar institutions in France or England. In these 
countries, the existence of a large indigenous trade would make it unlik- 
ely that there would be much buying from abroad. In America, until 
the end of the century, there was little choice but to import scientific 
instruments from Europe. 

With each illustration, any signature present has been reproduced 
as accurately a.s possible typographically. 'Hie function of the instru- 
ment has been briefly stated, as has the material used in the construc- 
tion, unless this is obvious. Dating has been given as accurately as poss- 
ible, in the case of undated instruments, by referring to the date of 
original purchase in museum files, or to the dates of the maker, and 
his residence at any address given on the instrument. Sometimes, how- 
ever, a spread of date has been unavoidable. Dimensions are given 
whenever possible, but some museums cannot readily supply measure- 



£^2 Trade cartJ c 18.50. Colombi's patrtw, 
Le Prince de Joinville, lived from 1 8 1 8 to 
I90O. Snenre Mtismm. 
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(ffAinif, ikil/irniiitiitil f> I'/ii/ntv/Jiienf 
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[|5^ Trade card of Jeremiah Watkins who 
traded on Itis own from 1 7fif> to I K 1 f), and 
then as Watkins & Hill. By I the firm 
had been taken over by Elliott Brothers. 
Scitnct Museum. 



mcnts ofinstrumems on display. Museum inventorj* numbers are given 
whenever they exist. 



SOURCES 

An important source, that has been used throughout, and from which 
readers could obtain further information, is the range of textbooks pub- 
lished during the nineteenth century in English, French, and (Jernian. 
It is worth remarking that in the second half of the century, some of 
the Kreiul) textlxK>k writers were so efficient, and used such excellent 
wood engraving.s for illustration, that their work was extensively trans- 
lated into English, Spani.sh, and even Russian, using the same engrav- 
ings. Another inijxirtant source is providc<l by the catalogues issued 
by the manufacturers of scientific equipment. Those produced at the 
end of the century are not hard to come by, but earlier ones may only 
exist in specialist libraries. A word of warning must be added about 
using the publication dates of textbooks and catalogues to date engra\ - 
ings of instruments. The life of an engraving was often a long one, 
and it could appiear in a range of difl'erent textbooks. Engravings in 
catalogues may have come from earlier catalogues of the same firm, 
or of other firms, or from textbook illustrators. A (iritfin catalogue 
issued at the beginning of the twentieth century, for example, contains 
some wo(xl-cuts identical to those that first apjxjared in 1850. 

Modem studies have also proved useful. 'Hiere are biographies of 
the .scientists and inventors - though not. regrettably, of many of the 
instrument makers. One of the most important .sources of biographical 
information has proved to be the Viictumary of Scientifif Biography, 
edited hy C. C. Gillispie (Charles Scribners Sons. New York. 
1970-80), which is a highly comjx?tent and comprehensive work. Not 
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to be forgotten are the national biograpJiical dictionaries. The biblicv 
graphy at the end of this book lists a selection of works, and also guides 
to the specialist literature in the field of scientific instruments. 

THE GRE.^T EXHIBITION 

Exactly in the middle of the nineteenth century otrurred Tlie Great 
Exhibition of the Works of Industry of All Nations, lliis was held 
in London, at the Crystal Palace, in IK.51, under the presidency of the 
Prince Consort. Class X of the exhibition was called "Philosophical 
Instruments and Processes I>ef)ending upon their Use'. It is interesting 



[Sj William Harris & Co. were at +7 Hiffh 
Holbom from 1 799 to 1 8 1 iJ. and at No. 50 
from 1 8 13 to 1 848. Museum oj the History of 
Science. 
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Qp] John Krwlerick Newman was at this 
address from IHlfito lH2o, aridat 12'i 
Regent Street tVi)in IS27 to I8fi0. Museum 
of the History of Science. 



to note that adjuncts to Class X were musical instruments ( Xa ), horo- 
logical instruments (Xb), and surgical instruments (Xc). Class X had 
a wide range, and attracted makers and inventors from EurojH.' and 
America. The names of the instrument makers have been extracted, 
and are printed as an appendix to this book. 



SOME CONCLUSIONS 

The nineteenth ccntur\' may be considered in two distinct parts, divid- 
ing at the tempt)ral mid-point 1 K'j 1 which was also the year of 
the Great Exhibition. This international occasion was the peak of the 
Industrial Revolution, the triumph of steam-power technology and 
machine-tool engineering. In the .second half of the century, a com- 
pletely new phase of scientific and technical development began, the age 
of electricity. 'I'he changes brought about by the discovery of electro- 
magnetic power constituted a revolution perhaps more truly -scientific 



[loj Tliree gcntleme!> with .scientific 
instruments ; 1 850s. Museum oj the History 
of Science. 
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Ll 1^ Microscopes, mostly Nachet, and 
accessories ; c. 1 860. Museum of the History 
of Scieiut. 



than the events often so descTil)ed of the seventeenth century. The 
earUer revolution, a period indeed of marked change, was pliilosophical 
and methodological. Francis Bacon, its leading proponent, taught that 
observ ation of natural phenoniena, and the usv of measurement, .slu)uld 
be the basis of all theorizing about the world, a change of perspective 
from Aristoteliani.sm that laid the foundations of modem experimental 
science. But the 'electrical revolution' of the latter part of the nineteenth 
century chatiged the whole way of life of western Europe and North 
America by universalizing a scientx'-based technology. 

Science be<ame for the first time a profession during the nineteenth 
century. The word 'scientist' was actually coined by the Cambridge 
philo.sopher William Whewell in 1834 as the name for a new way of 
earning a li\ ing. Where science had been studied either by academics 
or by amateurs, it was now to hv practised in laboratories employing 
numbers of people, engaged cither in advanced research or in making 
and testing commercial and industrial products. The professional scien- 
tist of today, however, sh«)uid not forget how great is the debt of .science 
to men who received no fomial scientific education. This fact emerges 
clearly from the broad review of the centun,- carried out in this book. 
These men came from varied backgrounds, some being entirely self- 
taught, others having had a classical education but little or no training 
in science. Examples include Humphry Davy, Michael Faraday, and 
Leon Foucault among the well-known figures. Less famous, but of great 
importance, were such men as Z<Jnobe Gramme, the Belgian who 
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invented the first effective electric dynamo and thus launched the elec- 
tric power industry ; and Janies Glaisher, the founder of mtxleni meteor- 
ology, an innovator in photography, and the man responsible for the 
official report on the Philosophical Instruments in Class X of the Great 
Exhibition. On the other hand, a rigorous mathematical training such 
as tliat provided by Cambridge University was necessary for the great 
theoretical synthesizers, William 'lliomson (later I>ord Kelvin), and 
James Clerk Maxwell. 

What provided the impe tus towards much of the scientific discovery 
of the ix-riod was the popular interest in science, begun during the eight- 
eenth century, and exemplified in the public lecture-demonstrations. 
Scienct' was accessible to, and enjoyed by, ordinary people through lec- 
tures, through the meetings of scietitific societies, and in the home, 
where science played an important part in recreation. It is for this reason 
that a chapter on recreational science finds a place in this book, hi the 
ctnirse of the century, much scientific reading material was published. 
Kxtremely popular were the encyclopaedias that contained some excel- 
lent scientific articles, and were available through lending libraries and 
mechanics institutes. These included Abraham Rees's Cyclopaedia 
(lHO!2-iO), the Fennx Cyclopaedia { I8,S,'}-4.S), and the Encyclopaedia 
Melropolilana (1817 ■i.'i) which was solely to do with science and tech- 
Frontispiece to C. R. Alder Wright, ""loKV. Tliere were also many scientific magazines, appealing to a wide 
The Threshold of Science {IammIou), I8»ii. range of lay readership, including The Mechanical Magazine, published 
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in Loinlon lietwcen 1 S'i.') and IS.'iS, Tlu- F./ii^mrfr, first piil)lishc<l in 
I85G, and the journals publishLii under tliu cdilonslup ot David Brew- 
ster from 1819: The EditUmrgk Pkilosi^ital Journal, and The Edttibwrgk 
Jfiurnal of Science. In at least three European countries popular scientific 
journals with the same title appeared: in Britain, Nature; in The 
Netherlands, De Ntiluur ; in France, Im Nature edited by Gaston Tissan- 
dier. 

'Iluit the enthusiasm for science was widespread is shown hy an 
exam])le from Manchester. Courses of Hcience Lectures Jot the People 
were held there in and again in 1871, and sub6e<]uently The 
first course was atti>nded by 4000 people, the second by 90OO, while 
published texts of the lectures, at one fXTiny eaci). sold editions of up 
to io,o(M> copit!». Sucl) enthusiasm existed througlioui the vkcstern 
world, and created a spirit of remarkable internationalism in science 
that waa largely finee of political influence In iSlS, when the Napoleon- 
ic wars were still in proirress, Hunipliry Davy v isited Paris to receive 
the medal awarded by the hi.stitul de France tor iiis electrical discover- 
ies. Scientists could remain coUeag^ues and respect each other's work, 
even when their countries were at war. 
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OttrkncewUdgtoJ time as of space on es more to the labours o f 
matkmatkians end pkysidsU than to those oj frojemd philosophers. 

C. O. Broad ( li>Sl ) 

TIME-TELLING 

Time presents formidable metaphysical and p^fdiological problems, 
leading philosophers to attempt objective, subjective, and transcenden- 
tal explanations. In science, time is one of the three fundamental dimen- 
sions, the others being mass and length. The astroncHner's regulator, 
the domestic dock, and the sundial all measure diflerent kinds of time, 
so some definitions are nec ossnrv at the outset in order that the function 
oi tlie \ anous devices call be understood. 

Sidereal Time 

This is astronomer's time, and it is the apparent rotation of the celestial 
sphere - the stars - bruugiit about by tlie rotation of the Earth on 
its axis. The return passage of a fixed point (a dwsen star) measures 
a sidereal day, which is dividetl into 24 et|ual hours. Astronomers 
reclton the sidereal day Irom the passage of the first point of Aries 
(the Vernal Equinoctial point) across the meridian. Because the Eartfi 
moves In ortnt during the course of a rotation, tiie sidereal day is about 
four minutes shcnter than the solar day. 

SdIot Time 

I'his is the time used by ordinary peofde, and the solar day is defined 
by the passage of tlie Sun across the meridian 'ITiis is the time told 
by a sundial. The Sun s motion, being apparent only, is not regular. 
The Earth is tilted on its axis relative to the plane of its orbit round 
the Sun, and the Sun is at one focus of an elipse and not at the centre 
of a circle, so diere are variations in the length of the day during the 
year. The going of a dock is regular, so when clocks became popular, 
from the seventeenth century onwards, a modified solar time was 
required. 

Mmn Solar Time 

In classical times astronomers introduced the concept of a mean Sun 
for then* spedal purposes, so it was an easy matter to introduce the 
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oomoept into popular usage when clocks and watches were in mure 
general use. The mean Sun is a tiseful fiction because it enables every 

day of the year to be the same length and each one to be divisible into 
2'V hours of" the same lenpth. ( Wlien only sundials existed, other houn 
were used, whose length varied throughout the year. ) 

EqmtimofTim 

This is the difference between apjiarent, or true, solar time and mean 
solar time. Early in Novendx-r the Sun is due South at 1 1 44 by mean 
solar time, and in the middle ol February, the meridian passage ol tiie 
Sun is at 18. 15, mean time. There are four dates in the year when the 
mean and apparent times coincide: mid April, mid-June, at the begin- 
ning of September and at Christmas. Hit greater acxuracv of" clocks 
and watches from the middle of the eighteenth century necessitated 
an equation of time to be et^raved on sundials, since the sundial was 
the means by which dodks were chedted. 

Standard Time 

In Britain, standardization came into being througii the actions and 
requirements of three types of organization with national responsibili- 
tic s: tlie Post Otficc, the railways and the electric telegraph companies. 
In 1 840 the Great Western Railway kept London time at all its stations 
and in its timetables, and by 1848 virtually the whole of the British 
rail network ran to Greenwich time. With domestic clocks and watches 
now verifiable at the railway station ciook or at the telegraph office, 
by mid-century the use ot local time diminished, and with it the use 
of the sundial. The law courts, on the other hand, kept to local time 
until an Act of Parliament of 1880 required legally stated time to be 
Greenwiih mean time. 

I he railway systems in Lui oj)e and in Nortli .America also brought 
about the change to standard time, but with large land masses, time 
zones had to be introduced, the United States having four, and Canada 
five zones. In 'Railroad Time' was adopted by most fx-ople in 

North America, although the legalization of standard time had to wait 
until an Act <tf Congress in 1918. 

Of international concern v\as tin- fixing of" the prime meridian, the 
base line for all time measurement. Hitlierto, countries had pleased 
themselves; Britain took Greenwich, the French, the Paris Obser- 
vatory, tin- Dutch. Amstfrdarii Tin- InU'rtiiitional Mcricfian (\jnfcrcm-c 
was liild in Wasliington, DC, during (XtoluT IHSf, lC\cntua!ly, the 
delegates from 25 countries decided that the C)l3sei"\ atory at Cireenwich 
should provide the prime meridian for longitude. Reasms for this choice 
rested on the jmn tit alities of commerce. Tile majority of charts used 
at sea were Uritish, the Naultcal Almanac (founded in 1 767 ) sold ^o,uuo 
copies annually, as against 3000 copies of CtmnntMMflr da Temps, and 
72 per cent of the wcn-ld's shipping used Greenwidi as the iNudine 
for navigation. 
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THK DEVKLOPMENT OF TIME-TELLING INSTRUMENTS 

Astronomy and time-lelling arc closely related, for the measuring and 
recording of the jMssage of time have over the centuries depend<.ti on 
the rotatitMi of the Kartli on its axis (the day) and its motion in orbit 
round the Sun (the year). The measurement of time is traditionally 
hased upon the translation of the |Kis.sing of time into the tra\ ersing 
of space, by the recording of some form of regular nuition. 'nicre are 
usually two factors involvt'd here: the rate-goveniing pnxess, and the 
method of recording. The simplest form of rate-governing device is 
the sandglass It incorporates no rettmling method; the flow of 
the sand through the orifice occurs at a steady rate, and is completed 
in a given jx-riod. llie water-clock uses water flow in the .same way 
as the flow ol sand in a sandglass as the rate-go\erning process, but 
also incorporates a float as recorder. In the sundial, the movement of 
the Sun is directly recorded by means of a shadow cast by a |K>inter 
onto a surface wliieh is marke<l out ill liours. Tins instrument has been 
used in a wide variety of forms from antiquity, and is still with us today. 
The ringed candle and the oil dock use the chemical proce.ss of combus- 
tion for rate-governing, and the rings in.scribed on the candle or oil 
reservoir for recording. L'ntil this century, the rt?cording method has 
always been spatial - that is, movement was recorded u|x>n some form 
of dial. Today it is often digital, that is, by means of a sequence of 
numbers, visually displayed. 

Tlie history of time-telling instruments is all about the need to 
achieve ever greater accuracy. From the sixteenth to the nineteenth 



1^1^ Two saiidglas.ses. I^fl : oak frame, red 
sand, running for one hour. The central join 
is bound witli wax and thread. Height 
171 mm, diameter I Jrt mm. 
Late 1 8th wntury . Museum of the llislory of 
Science ( C. 384 ). liighl . mahogany frame, 
white .sand, running for IH minutes. Here 
the two hulhs an- blown as on*- piere. 
Height 1J>.5 mni.dianjeter 1 17 mm. 
Early l.'JtliceJitury. .Museum uf the History 
of Science (C. .•iH'J). 
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centuries, this was done by pcH'octing the use dI cyclif nifcluDiical 
motion that repeats itself uvt-r and over again. TIk* curlicsi iiitvhunicul 
clocks, those still in existence dating; from the fourteenth century, oper- 

iitcil li\ ihf fall of a vsiiulii on n tti]iv. wnrkinji against a rcstraitiiiip; 
mciiiaiiisiii Aaiitatf tiiiif tnca^urtineiit, iiowcver, was first achieved 
by applying; a swinging pendulum to control the rate of rotation of 
a wheel. Though others betbre him studied the working t>l the pendu- 
lum. C'liri>tiaan Ihis urt?-. I lf)\.'.') .').')) was the first Ii> tiesigti an L'fl'eeti\e 
pendulum <.1<h k I licre were many stage.s of refinement in tiie develop- 
ment of this tyiR- of clock, but the next major de\ eIo|)ment in time^ 
telling device.<i was the use of a sjiring drive and halatue w heel, instead 
of"a suspended ui iiiiit. to apph tlie jiower to a iUnk nieihanism This 
made |H>s,sil)le the i on.strui lH)n ol eHeetive |H)rtul)le t locks and watciie.s. 

By the start of the nineteenth century, sundials were still in regular 
use to cheek tlu- aix uraiy of eloeks and watilie.s. 'Hicre was as yet no 
national standanl time, and loeal time defXTided on longitude Kast or 
West of Greenwich. Every locality had its own time; local time at 
Oxford is five minutes slower than Greenwidi, because Oxford is 
1} digrees West of (?reenw ich in longitude At litis(<i!, Unal time is 
ten minutes behind Greenwich. Clocks ol reasonable aauracy were 
marketed for domestk use, made to run without winding for ixriods 
ranging from eight days to one year. They would, however, lose aoour- 

ary gradually, l>ecause the oil on which their smooth running depended 
became mscous. 'ITiere was already a large and thri\ ing watch industry 
in England, producing both ordinary movements in more or less elabor- 
ate cases for general sale, and time-pieces of high precision for specialist 
puri"xises. Twd such uses were in the astronomical oIiser\ atorv and on 
l>oard ship. Astronomical regulators were used in as.sociation with 
zenith telescopes to give sidereal time, which could be checked every 
hours by the passing of a particular star at a certain point. The 
marine chronometer, invented after years of labour by John Harrison 
( 1693-1776"), was one of the great technological achie\'ements of all 
time. By designing a chronometer whidi would continue to tell the 
tii7ie aceurately on board ship, he made possible the exact computation 
of longitude at sea. 

The Great Exhibition, held in London during 1 85 1 , collected all the 
most imjiortant innovations i?> scieiuv and technology, among many 
classes ot Cxlubit gathered together un<ler the roof Df the tVystal I'al;u r 
.\n exanunulion ol the "HeiH>rts ot the Juries .shows what the iiitenu- 
tional panel ofjudf^ thoufrht of the innovativeneM and quality of pro- 
duction of till- udixls disi)lay<-tl. Clearly, the section Ial>elle<l "niallilig" 
was not remarkable, including only a couple of spherical sundials tor 
the garden, a cannon dial, and a portable dial: no prizes were awarded 
in this sub-group Clocks, on the other hand, were dignified by a dass 
on their ow n 1 lorological Instruments. Class \b. There were fi\ e sec- 
tions: the marine chronometer; astronomical clocks; turret clocks (for 
public buildings); 'house docks' (the term used for domestic docks; 
it was pointed out that ihe French call 'dvil docks' ) ; and watches. 
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A brat selection of comments from the Reports will serve to give an 

insight into the acienrific status of the dtSbcnt types of time-tdling 
itutruinents. 

The marine dironometer nuy be considered the most impcNtant 

of all machines for measuring time; and it is also the one in which 
an invariable rate of going is of the most consequence, inasmuch as 
longitude at sea is determined by means of chronometers, and tiicy 
have frequently to go for a longer time without the means of being 

rorrerterl by astronomical obscn ations tliiiti asircnoniical clocks, 
which are generally accompanied by fixed transit instruments. 

On one nf the French domestic docks there was an ariditional hand 
to show solar time as well as mean solar time ("equatiorj work", so- 
called), thus makit^ the dock slightly easier to regulate from a sundial. 
On the whde, die jiMi^^ thought: 'there is not much room for differ- 
ence, except in the merdy ornamental parts, which we have nothing 
to do with.' 

Carriage docks were grouped with watches, as they were ctmsidered 

only large watches, set in cases like those ol small clocks, and with 
the balance placed at right angles to the rest of the wheeb. 

Watdies, like house clocks, are so much an article of general manu- 
facture, and there is so little difference in the quality of several of 
the best makers, that it is difficult to establish any principle on which 
prizes can be given for them. 

The Swiss exhibition of hoTology oonsists entirely of watches and 
watch-work ; and, as is well known, a large proportion of the watches, 
esptTciully the small «nd cheaper ones, are made in Switzerland. 

The three places In England where watdies are made are London, 
Liverpo<d, and Coventry. 

The highest awards, the Coundl Medals, were given to E. J. Dent, 

I'nited Kingdom, for a very large public clock, chrDnomcter>i, and 
watdies; to Japy Brothers, France, for cheap dock and watch move- 
ments, made by machinery; to C. Lutz, Switzerland, for hair springs; 
and to J. Wagner, France, for a collection of turret dodis. In addition, 

thirty I'rize Medals were awarded. 

By the end of the nineteentli century many changes had taken place. 
Enj^ish pre-eminence in the watdi trade, already challei^ed liy the 
Swiss, was finally overtaken by American mass-production for the 
cheap niari<et. Mjririe chronometers had a steady sale, the trade being 
in ttie iiands of a tew specialist tirms who sold to a w ide range ol retailers 
all over the world. As we have seen, the establishment of national time 

ended the long useful life of the Muulial, and this survive<! lur ucK js a 
garden or architectural ornament, .^n important new invention in tune- 
telling was the electric dodt, which began life as a novelQr, but became 
a very useful instrument, particularly because of its ability to control 
'slave' docks, for such purposes as 'docking in' at a facuxy. 
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Sumiiah 

Of all the mathematical instruments that may be collected, the sundial 
is the one most conmionly met witli. It is probably true to say that 
the great numbers of sundials made in the seventeenth and eigliteenth 
centuries matched the equally large number of clocks in get>eral use. 
Every church required a sundial to ensure that the turret clock kept 
time. Similarly, in the late seventeenth century and throughout the 
eighteenth, most country houses had a horizontal dial, usually mounted 
on a pedestal in the garden. Anyone who possessed a watch would very 
likely also own a pocket sundial, and the two instruments were some- 
times combined in the same case. 



[2" Horizontal dial made from slate, with a 
brass gnomon. Signed: Friimis !iarkrr<sl 
Son, 12 Clerkenxvfll Road, London. Made for 
latitude 5 1 '3o', it carries the e<juatiori of 
time table, witli the indications WATCH 
FASTER, and WATCH SLOWER. 
Diameter .so'j mm. 
Mid- lyth century. Prix<aie colUction. 




Most sundials function by casting a shadow on to a marked-out sur- 
face; the edge of a piece of metal, a nxl, or a string, may Ik* u.se<l to 
cast the shadow. Some sundials employ a .small hole, so that the time 
is read by a spot of light. 'ITie edge that casts the shadow is called 
either the gjiomoti or the style. The gnomon is usually placed with 
its axis parallel to the axis of rotation of the Karth. I'he plate that 
rcwivcs the shadow has to ho marked out with hour lines, ami the r«jm- 
mon vertical and horizontal dials have the hour lines calculated for the 
latitude at which the dial will be used. Some types of sundial are univer- 
sal, that is, they can be used at any latitude: the equincx'tial ring dial, 
or armillary dial, are such types, where the hour lines are marked at 
15-degrce inter\als round the ring - as the ring is parallel to the equa- 
tor, it matches the Sun's apparent progress round the Karth. Althougli 
the principle of the sundial is so simple, many different types prolifer- 
ated. During the early nineteenth century, the sundial was still 
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r.i~ Cannon di:i] on an wtaponal. marbk- 
base. Signed: V. Aniuel, Ik-rliti. The brass 
bracket with a burning lens ean be adjusted 
to the det lination aiif^le of the Sun, so that, 
with the bascforreftly oriented, the Sun's 
rays fix-usevJ on the touch l>ole oi'tlie i-atition 
will cause a discharge at noon. Hasc 
240 X '240 mm ; lens diameter (>7 mm. 
Mid- 19th mitury-. Museum of I he History of 
Scunce(M.23). 




required, but with greater accuracy, so that it was usually of some size, 
at least a foot (300 mm ) in diameter. The pocket sundial was largely 
replaced by the pocket watch, but remained as a simple, inexpensive 
time-reckoner lor the countryman. 

The tyix?s of sundial commonly made during the nineteenth century 
arc relatively few. The horizontal, or common garden dial can be round 

or s<|uurc, iiiudc uC broiiiCL-, brasA, slate, or marble. Xlic latitude fur 

which the dial was marked can easily be found by measuring the angle 
between the gnomon and the plate. Dials made during the first half 
of the century w ill have been intended for serious use, and w ill probably 



L+j Engraving of the cannon dial in the 
I'alais Koyal gardens in Paris. As the author 
remarks: 'Kvcry fine day towards twelve 
o'cl(H"k. crowds of Parisians who have 
t)otliitig to do may be seen bending their 
st«'ps towanls the Palais Koyal to set their 
watches by the gun, which tliry l>elieve to 
be superior as a time-kee|XT to the finest 
chronometer in the world.' 
1868 Marion, fi. IHil. 
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£5"] Bra.ss, |N)rtable carjnon dial, with 
compass, two hubbic levels, and an 
equinoctial dial. l'iisigrK>d ; t))e 
workmanship is Fri'tu'h. latitudes Jor eight 
European towns (I^)ndres Si. 
Petersbourg 5y ), and two American ( New 
^'ork 4 1 , Ciiicago +2 } . Plate ifK) x m mm ; 
height to top of plate so mm. 
Ijite 19th century. U'ktpple Muifum {.S6<>). 




have an equatioi) of time scale marked out thus ; Watch Slow and Watch 
Fast (the variation ran be as great a.s is minutes). Later dials were 
mainly intended for garden ornament, as they are today; nevertheless, 
a few accurate ones sur\ ive. Replicas were made in the twentieth cen- 
tury, and one must always distrust any dial bearing a Sun s face and 
a verse, such as: Set me riglit and treat me well/And I the time to 
you will teir. 

'ITie cannon dial Qs, 4 & 5j is a horizontal dial, usually in marble 
or stone, with the addition of a burning lens, so arranged that the Sun's 



[ff] Horizontal magnetic dial in silvered 
brass, signed : Fmsrr, London, and marked 
wall the latitude: .>.•> if.'y. I he bar-magnet 
under the pivoted dial plate can be adjusted 
for magnetic deviation. An etjuation of time 
table is provided. 'Uw maker was probably 
(he son of William Krascr, at 3 New Boiul 
Street. The .son ran the business from 17;>;» 
to 181.5. Diameter ofca.se HI- mm, of dial 
51 mm. 

('. I H 1 0. Museum of the History nj Si ient f 
(iSfS). 
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rays arc directed to the toudi hole of a small cannon, which causes it 
to fire at noon precisely. The lens mounting has to he adjusteti for tlie 
Sun's declination each week. Kxaniples vary considerably in size, from 
about two feet in diameter {60 cm ) to three inches ( 7 -.5 cm ). The can- 
non dial was jiatcnted by Victor Chevalier ( 1770-18H ), an instrument 
maker of Paris. In 1880 they were offered for sale in London for three 
guineas. 

The magnetic compass dial ^6^ is a small, horizontal dial on an actual 
compa.ss card. Below the pivoted card, and fixed to it, is the magnetic 
needle. This means that the dial is .self-oricnting: at least, it will orient 
to the magnetic North, and a corrtvtion will be necessary for declina- 
tion. These small dials became quite popular in the first half of the 
nineteenth century, being produced by Kra.ser, and S. Porter, both in 
London. They are still being made today for adventurous .small boys. 

'I"he 7<ertical dial is frequently found on the wall of a church, probably 
incised into the stone of the structure. Some examples, in bra.ss or .slate, 
may be removable: those that were made to face due South may then 
be confu.sed with horizontal dials. But a vertical dial cannot receive the 
Sun's light before 6" am or after 6" pm at any time of tlie year, so the 
missing lines reveal its type. The hours, too, appear to run anti-clock- 
wi.se, the reverse of the horizontal dial. 

A simple, portable version of the vertical dial is the pillar dial (al-so 
known as the cylinder or shepherd's dial) Qn, facing p. 'I"he hour 
scale is marked on the outside of a cylinder which stands vertically. 
Tlie hour lines are a .series of curves that allow for the change in the 
elevation of the Sun during the year. The gnom<in projects horizontally 
from the top, and is set to the date on which the dial is being u.sed, 

a calciiUur .•tcalc iHriii^ iiiurkcd by ruiL'» ruiiriiit^ \'frti(-a11v round the 
cylinder. A pillar dial can be of very simple construction indeed, some- 
times of plain wood with carved lines, a type used in the Pyrenees until 



L73 Inclining dial, signed, in Rus.sian : 
Morgan St Petersburg. The latitudes of 
Kiev, Kazan, St Petersburg, Arclianjjcl, 
Yaraslav. Moscow, Tula and Kaluga are 
engraved on the Iwse. Two hubhlc levels 
help to level the instrument. The compass is 
marked N, W, S, K, in romun letters, which 
is normal for Kussian-made compasses. 
Francis .Morgan (d. lHt»3) worked in 
LtMulon before 1 77a, w hen he moved to St 
Petersburg. From 1772 to IHOl he was 
scientific instrument maker to the 
admiralty. Diameter 1.1.5 mm. 
(. 1 8(X). Museum oj the Hislorv of Science 
(M.I3). 
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Qs^ Inclining dial, signed: lifnf. Pike New 
York. The dial is of silvered hrass, set in a 
mahogany cast-. 'Ilie latitude arc is 
engraved from O to , and the angle of 
the gnomon is 60" to the plane of the 
chapter ring. Tlie compass card is printed 
on paper. The instrument apjx?ars to be of 
Elnglish workmanship. Benjamin Pike was a 
considerable importer and retailer of all 
tj'pes of mathematical, optical, and 
philoiiophical instruments during the 
1 8+Os. His shop was at SfH, Broadway, 
New York. Case 98 X 98 X ^■i mm. 
C. 1845. Museum oj Ihe lliston of Science 
(M. 14). 




the twentieth century. Others may have printed scales, and a few dials 
were made of ivory or porcelain. 

A popular nineteenth century dial for the traveller was the unh<ersal 
inclining dial TT & Hj . Based on the compass dial, some are small enough 
for the |K>cket, other suitable for a wide window ledge. There is a com- 
pa.ss in the base, and large examples have three levelling screws and 
a pair of bubble levels. The hour plate is hinged, and can be set at any 
angle of latitude from the degrees marked on a curved arm fitted at 
one side of the base. Tlie gnomon and the arm are hinged for packing 
flat, often into a black fish-skin case. The underside of the base usually 
has a list of principal towns with their latitudes. This dial works otj 
the principle that any horizontal dial can be used at another latitude, 
prov ided the shadow-casting edge of the gnomon is {^larallel to the 
Earth's axis, hence the ahility to tilt the plate is a provision in this 
type of dial. Knglish exantples front the nineteenth century are signed 
Dollond, Elliott & Stins, or Newton & Co. 

In \H'V3 Edward John Dent, the noted chronometer-maker, put on 
to the market a newly patented device for noting the meridian passage 
of the .Siir» with great .nicuracy, whi«-h he »>ametl tlu- tliftli-itio.m'ofn' (double 
image viewer) [[9]]. The invention was by James Mackettzie Bloxam, 
patented as a "meridian in.strument' on '20 June I8KS (No. fJ79.S). It 
consists of a hollow, right-angled prism, with two sides silvered and 
one of glass. The meridian transit was known by the coincidence of 
two images of the Sun by single and double reflexion, one from the 
top glass, and the other from both mirrors. Of course, the base of the 
instrument had to be accurately levelled and oriented, and with this 
done, the time could be read to seconds Q 10~ . The instrument was made 
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Two examples of the Dent 
dipleidoscope. sijjned: E.I. DENT 
LONDON patentee; inscribed below 
tlK" base with the .serial number: 15.02. 'llie 
prism housing is mounted on an axis that 
can be inclined from O' to .90' . The hour arc 
runs from f» to a o'clock, div ided to 1 5 
niitiute.s. 'Inhere arc two bubble levels and 
two adjustable legs and a compass for 
correct orientati(M>. 'llws model can give an 
accurate time check to an explorer. Base 
1 30 X 1 !2 1 mm ; overall heiglit f . 2 1 mm. 
c. 1870. Right, signed: F. J DF.ST 
PATENTEE 'llie prism is in a fixed 
mount, stamped on one side; INDIA. This 
is of the type for fixing to a window ledge. 
Base 72 x .50 mm •. overall height ok nun. 
c. 1845. Museum of the History of Sarnce 
(C. 98*: nit). 





[^10] Engraving showit)g how tochecka 
watch with thedipleidoscope. The 
instrument was patented in 1 S4a. and was 
marketed by Kdward John Dent, the 
chronometer maker, llie engraving is from 
his explanatory |ximphle( of IH K. 




[[Ill Signed: H'hfiitstnnfs llfliwhrnnnmi'tfr 
ELLIOTT. .loStraiui LOM>i)N. (^luidraiitii 
adjust lor latitude and tor tlic Sun's 
declination. 'Hie time dial will then be on an 
axis parallel to the Larth's, and the sighting 
tube will match the passage of the Sun in the 
day. When tiK* sighting tube is in line with 
the Sun, the clock dial will read the time. In 
the 18-lOs Charles Wheatstone also 
experimented with a jxjlar clock to tell the 
time by the polarization of the sky, which is 
at a nia.viiiiuni oppusite the Sun. Overall 
height i!80 mm ; diameter of clock face 
.TO mm. 

c. 1 850. H'hipple Museum ( TIG). 



1^ 1 2" I leliochronoineter, signed : 
CHRONOMK 1 KE SOLAIKE P.K. et c": 
Bre\ etc s . G . l) . G . I'aris. The base is cast 
iron and the dial silvered brass. 'ITie 
equatorial hour plate is set for latitude, and 
the plate tunietl until the lens easts a spot t)f 
light on the line on tlie uj>right scale, I'lus 
carries the graph of the e<juati<>n of time to 
read mean time; the vertical line will give 
solar time. A \ entier is provided to read to 
a minute. 'Iliis instniment is illustratetl in 
Tiisandier,p. .ifiH, wliere il is tl<'scribed as 
designed by Monsieur Kletehet. Oianieter 
\f'i> mm. 

c. 1880. Musfum of lilt History of Science 
(F.s-t). 
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in fixed and portable versions TIk' hnter had levelling screws and bulv 
ble levels, latitude adjustment, and a magnetic compass needle. Dent 
cannot have profited as extensively as he may have hoped from this 
ingenious im entioii, because the new electric telegraph soon replaced 
the need lur an accurate time check in the form of a sundial. It would, 
however, have remained in use in those countries slow to introduce 
the telegraph. 

Tlie early-nineteentlwctiiiiry belinchrnnnmtii' ~\'. ik \'-r] derived 
from the mechanical equinoctial dials oi the eigiiteenth century. An 
equinoctial disk is divided into hours and minutes, 1 5 degrees per hour, 
and this disk is supported so that it may l>e adjusted to lie in the plane 
of the e<iuator. A sjiot of light from the Sun passes through a small 
hole in a circle of brass held above the dii>k on a stalk, The spot of 
light Ms on to an oval plate mounted at the edg« of the disk opposite 
the stalk. This oval carries a meridian line, an equinoctial line, and 
the e<]ii;ifion of time diagram, rather like a figure-i">f-cight. The disk 
is turned until the light spot cuts the meridian line, when the solar 
time can be read from tfie edge of the disk, and to the nearest minute. 
For mean time, the light spot is set to the equation cur\ e. There are 
some variations in construction, but the principle of orientation, and 
the presence of an equation of time diagram are common to all. Existing 
examples are usually of German or Frendi construction. 

The Marine Chronometer 

Chrcmnneter is the name for any exact timekeeper, but it has come 

to mean more sf>ecifically marine and some observatonr' timekeepers 

lliat haVf ibf up|x.-araiiCL- i>f c>vorgr«>wr> watt'bc'N ^LH^. The CMCntial 

characteristic of the chronometer is the precision escapement, the one 

employed being the spring detent escaf^ic-metit invented in atx)ut I TCI 
by Pierre Le Koy (1717-85), and perfected by Thomas Karnshaw 
( I749-18S9) and John Arnold ( 1786-99), by 1780. Kor use on board 
diip, a dironometer was generally mounted on gimbals, in a solidly 
constructed wooden hn\. tlioui^h [Hx ket chronometers Were also made, 
especially towards the end o( the century. 

The marine dironometer industry came into existence in the 17808, 
after sixty years of experiments by John Harrison in England, and Le 
in l''r;ince, to develop a tinicpiece sufficiently acTuratc to deter- 
nunc longitude at sea. Chronometers ceased to be made alter W orld 
War I for two reasons : firsdy, because the worid stock fif chronometers 
exceeded demand, instruments ha\ ing been sttx-k-piletl by admiralties; 
secondly, because of the development of u ireless telegniphy. 

In the late eighteenth century, there was a high and sudden demand 
for chnmometers, from ship's officers buying privately, from admiral- 
ties. and from the trading companies. At first, this was satisfied by 
family firms of watdimakers, sudi as the Mudge family in Ix>ndon, 
and ^ family of Beithoud in France. At this time, eadi iiutrument 
was individually made. The two Englishmen, Arnold and Eamshaw, 
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L 1 3^ Chronometer, sigiKtl ot> tl»e face: 



KNOBLICH, ALTOSA. KKILI.E 
Nachjolger. No. 1 700. 'Hk movement is not 
signed. This model was intended to be an 
observatory regulat»)r, and so is not 
provided with gimbals. Theodor Knoblich 
( 1827-92 ) succeeded Mohtz Krilieas a 
chronometer maker, and continued the 
serial numl>er setjucnce. 'llie Amsterdam 
chronometer maker. A. Hohwii, l»as 
provided a certificate on the going of this 
instrument, dated fi July. IHHo. Altona isa 
port on the Elbe, just west of Hamburg. 
Outer wooden case, lined with greerj felt. 
1 85 X 1 85 X 102 mm ; inner case 
140X I4()xfiO mm. 
f. 1870. Tryler's Museum ( 10 ). 




made the breakthrough to bulk prmluction, and another important Eng- 
lisli maker (though with a French surname) was Paul I'hihp Barraud, 
who produced about 1000 chronometers between 1796' and 1820. Bulk 
production, h<nvever, was by no niean.s factory prmluction. e\en by 
the end of the century. Neither the watch nor tlie clironometer industry 
in nineteenth-century Britain ever broke free from the craft methtKl 
of production, using a large number of specialist part-makers, only a 
few of whom were actually employed in the workshop where the firv- 
ished in.strument wa.sas.sembled. 

Initially expensive because of precision workmanship and high de- 
mand, the marine chronometer had, by about 1840, become a standard 
article of commerce. 'I"he tw o main British producers of the latter half 
of the century were Victor Kullberg and Arnold Mercer. Other makers 
in a smaller way wore Johannson. Usher and Cole, and E. .|. Dent ^14^ 
As with so many other technical products at that time, Britain supplied 
the world. ?"oreign ships bought their chronometers in Ktiglish ports, 
becau.se prices were lower. The records of the firm of Kullberg show 
that he supplied many admiralties abroad, as well as foreign retailers. 
Though the attual manufacturers were few in number, a wide variety 
of names can appear on nineteenth-century chronometers. Kullberg 
used his own name only on instruments supplied to the British Admir- 
alty, and the firm of Mercer of St .Albans also usually inscribed the 
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£ 1 4j Marine chronometer, signed on the 

face: ARSOLDi^ DKS T. H t, Strand, 

London. So. 7H'J. The movement is not 

signed. The chronoitieter is hung in its ta.sc 

bygimlwls. Kdward John Dent 

( 1 790- 1 853 } joined John Roger Aniold in 

order to manage the famous Arnold 

business in the Strand, I.<ondon. From 1H30 

to 1 840 the iinn traded as Arnold & Dent. 

Case I4i X i-n x 145 mm. 

c. 1833. Tryier's Museum ( II ). 



name ot" the retailer on chronometers supplied to the trade. For this 
reason, a foreign name on a chronometer should not be taken to imply 
foreign manufacture. 

Around I900 the chronometer firms were faced with static or declin- 
ing demand, and spent much time in repair work. Chronometers neither 
wore out nor underwent fundamental redesign, so there was little room 
for market growth. A brief boom during World War I was followed 
by the death of the industry Ixfcause of new technology. 

The Regulator 

An astronomical regulator, or more simply a regulator (clockmakers 
also re<]uired them ), is a standard, precision clock used to regulate other 
timekeepers. In its usual form, it has a seconds pendulum, compensated 
for temperature, a dead-beat or gravity escapement, and is weight-driv- 
en; it is finely made, but as simple as possible, and therefore has no 
striking mechanism. There are three separate dials: hour, minute, and 




4"' 




LI.5J .-front view ; n^Af; back view. Electric clock signed on the face: C. 
DETOL't-HE, FOL RNI.SSEI R DE I.' EM P ER EUR/rI! E ST. M A RTI N 
Nos. SJ'JK & <iao l».Mt is: and at the rear, in a cartouche: c. DEToiiCHE228 

H . ST . M A R T I N. 'i.SO 1 7«+/.S BH E V ET E S . G . D . G . 1 hf i'lM)liy Iwso 

supjMjris a chased, jjilt-bruss frame and case ; the dial is enamelled. The 
pendulum carries a s« mi-cirrular bar at the top. Whon the left-hand arm 
touches a ct)ntact on tin- liorizontal brass sj^ring, the electro-ma^iet i.s 
energized, attracting a .soft-iron armature on the left. The motion is conveyed 
by a lever to set the brass spring on the upper right, the spring being held 
raised by a detent. As the pendulum swings to the right, the contacts open to 
de-energize tlu- electriMnagnet. Tlie cycle rejwats from side to side. In this 
mechanism the voltage of tiie battery need not be constant. C. Detouche, who 
took out a jiatent in 1 H.i 1 for an elei'tro-magnetic pendulum, was associated 
w ith KoluTt I loudin ( 1 so.'i 7 1 ) from I s.lo. I loudin, well-knoxvn as a conjuror. 
devis4.-d the escapement u.sed in tliis clock, and took out a |>atent in Great 
Britain in !«.'>« Base.'Jiiox !.'«."» mm; overall height H(t mm. 
*■. ISAo. Miisfiim oj thf Iliitory oj Sdence. 



a sccoiul ))u(ul reatling tlie full radius of the face. Of course, a chron- 
ometer c«)uld be u.sed a> a regulator, when it uould nut be mounted in 
gimbals: it would alsi> lui\x- a loud tick, m> titat the astronomer would 
bo able to count time while observing through his telescope. 

The Electric Clock 

Two inventions were necessary as pri<»r requirements for the use of 
electricity in clocks: the electric cell, discovered in 1800 by Alessandro 
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£162 Electric pendulum clock, signed on 
movemont: M. HIPP. NErcHATEl. 
SUISSE. Marked on back of case in pencil : 
No. 6392. Walnut case with glass door, 
Matthaus I lipp ( 1 8 U-J-sa ) patented a 
pendulum drive in IH4!2, and in isrto 
prtnluced a majiterilock with improved 
elwtrii fontat t.s. 'Ilii' [x-ruiulutn not only 
regulatt s the going, but tranxniit.'s motion 
to the wheelwork. The energy derives from 
an elwtro-magni't wliii li pulls the 
pendulum at every o.scillation. Height a7() 
mm : width siso mm : depth 1.15 mm. 
c. 18~0. Teyler's Museum (f'S ). 

Ql7^ .■/6iKv; Front view. flWOTt ; Back 
view. Klectric clock, signed: FROMENT A 
PARIS. Glass dome removed . A pair of 
solenoids wired to a battery acti\ ate the 
mechanism by moving a lever which turns 
the wheelwork via a ixank. .A < ontact is then 
broken and the lever returns to the first 
position. Purcha.sed in IHAS for Dfl. 1 IK.ao. 
Ch erall height .iso mm ; outer diameter of 
dial i'irt mm, 

1858. Teyler's Musmm (H7-t). 
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Volta ( IT+ri l8^^7 ), and the magnetic effect of an electric current, dis- 
covered in 1820 by Hans Christian Oersted ( 1777-1851 ). 

The ideas in electric telegraphy and in electric horolcigy are so inter- 
connected tliat it is natural the same man should have contributed to 
both fields. Karl August Steinheil ( ISOl 70), professor of mathematics 
and physics at Munich I'niversity from 1K.S2, realized that the Karth 
itself could act as the return 'wire' in an electric circuit. In 1839 he 
applied his idea to transmitting a regular electric impulse from a central 
mechanical clock to outlying clock dials. This was applying electricity 
to time distribution, an extension of the telegraph. In Britain, the first 
man to apply electricity to lime-telling was the Scot, Alexander Bain 
( 1810 77), whose experiments began in 1838, and resulted in a work- 
ing model sent for a patent application in 1840, the grant being made 
in IS-H. As happens not infrequently in technical ittnovation, Steinheil 
and Bain made similar inventions (}uite independently. 

Charles Wheatstone ( l8(>;i-7.5), like Bain a man witli no formal 
scientific training, was appointed in 183+ to the professorship of experi- 
mental physics at Kings College, London. Wheatstone, and his partner 




[18] Fuller's Time Telegraph, sigiu-d: John Fuller; dated IS+.'i at Boston, 
Ma.s.>ia('l)Ui><-tt.s. 'Jlic <vntrjl \ ol vdle can l>c turned to .suit the date for any year, 
so making a per^ietual calendar. 'Ilu' reverse is a calculating instrument {see 
Chapter I plate J 1 ) I «4.i. ff'htf>f>lf Musrutn ( l-t7S ). 
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1^1 93 Non-clockwork metronome, signed; 
No. 2 Brevet d'invcntion M ETRONOME 
M A ELZ EL Paris. On the in.sidc of the base 
is a paper label in.srribed : W HEAT STO N E 
No. 20, Conduit Str, Recent Str, Ixindon. 
Pivoted on knife edge.s, the ann of thi.s early 
type of nictninotiie oscillates under gra\ ity . 
Johann Neponuk Maelzel ( 1 772- 1838). a 
German, was the inventor of the 
metronome. Charles Wheatstone 
( 1 802-7.'> ) was a n>usiral instrument maker 
at 20 Conduit Street fntni 1 H'29, and it 
remained the address of the firm for the rest 
of his life. c. 1 830. Museum of the History of 
Science ( ■t7.9 ) . 



William F. Cooke, set up the Electric Telegraph Company in 1838, 
and also realized the potential of an electric iinpulse clock. Wheatstone 
exhibited his clock to the Royal Society some six weeks after Bain had 
applied for a patent on a similar device. The obvious conflict of interests 
led to litigation, and an eventual decision, in 1846", in Bain's favour. 

Bain was the first to produce, in 1 842, a clock powered by a voltaic 
electric battery { Daniell cells ), which maintained a pendulum in motion 
electro-magtietically, using a solenoid and magnet. Also in 1842, but 
not before Bain, and quite independently, Matthaus Hipp ( 1813-93), 
a horologist of Neuchatel, Switzerland, invented a maintained pendu- 
lum, where the electro-magnetic impulse was given only when the 
extent of the swing fell below a certain angle l^lfi^ With this arrange- 
ment, the varying power during the running down of the battery did 
not affect the rate of going of the clock. Paul Gustave Froment 
( 1815-65), a graduate of the Ecole Poly technique, founded in 1844 
a precision-instrument-making firm in Paris, which produced the first 
electric clocks in France, in 1854 "17^. These employed an electric- 
ally-controlled gravity escapement. 

An electric current can supply the impulse to move the hands of a 
.satellite clock; can revsind a mechanical clock at intervals, by means 
of a battery ; can drive a small electric motor, or give |^)erio<lic impulses 
to a pendulum or balance. What prevented the early adoption of the 
electric clock was the difficulty of making a fully reliable electric contact, 
the regular making and breaking being central to the accuracy of the 
clocks. Hipp, in 1860, tried to overcome some of the hazards of imper- 
fect contacts, but the technical problems were not really solved until 
the last years of the century. PYank Hope-Jones ( 1868 1950) estab- 
lished the electric clock in \S9^> with his synchronome remontoire. At 
first, this rewound the train of a pendulum clock; later it acted on the 
pendulum. It was used as a master clock, and became an observatory 
regulator in the twentieth century. 

The synchronous electric clock depends on a widely distributed sup- 
ply of alternating current to domestic consumers, for a small synchro- 
nous motor drives the hands, the accuracy depending on the main 
electrical generator. As there is no self-contained time-measuring 
mechanism, these are lime indicators, not true cl(x:ks. 'ITie first patent 
for them was taken out in the I'nited States in 1918. 

The Metronome 

The metronome is an instrument used by musicians for marking time, 
and was the invention of a German, Johann Neponuk Maelzel 
( 1772-1 838 ), In his original metronome, the arm oscillated under gra- 
vity, but in later models, clcKkwork was u.sed to activate the inverted 
pendulum, with a sliding weight to adjust the speed. 



3 ' Weights & Measures 



I qfUn say that tuluH you can measure tohat you are speaking about, and 
express it in aunUiers, you know something about it; but -uh^n you cannot 
measure it. ~>./ien vou <iinnot express it in tiiirnhers. war kmncledi^e rs of 
a meagre and umatisjactory kind; it may be the beginning of knou<Iedge, 
but you have scarcely, in your thoughts, advanced to the stage scwice. 

Lord Kelvin 

Quoted inS. P. Thompson, LardKeMH (London, 1918) 



I'hysics is die branch of science tliat iiiclude.s tl)e study ot tin- movement 
of bodies, whether planets or atoms, which involves systematic 
measurement. Movement takes place in space over a period of time, 
and the enerpjy invoK tnl is nl.iTcd to the mass of the hody. Thus, length, 
time, and mass arc fundamental in physics, and the large number uf 
measured quantities occur In j^ysics are composed of these three 
fundamental dimensions, e.g. 

force = mass x nrceleration 

= mass X length x time"'' 
Space is measured in lengths; motion in length and time; mass, or 
qiuuitity of matter in a body, involves Vf4ume and density. Masses an.' 
compared In weighiric; them, vvhidi means comparing the turces <it iijra- 
vity acting on iliern. Time measurement has been considered in Cliapter 
S; here die measurement of length and weight will be discussed. The 

physicist distinguishes between mass (quantity of matter) and weight, 
which is the gravitational force acting on a body, and is equal to mass 
X acceleration due to gravity. Weight is therefore a force, and since 
it depends on the pull of gravity, the weight of the same mass will 

be less were it on tlie Moon ratlier tha!i the luirth. 

A balance that compares two weights compares tiieir masses in any 
gravitational aituation, but a spring acale dooa not, for it ia calibrated 
at one particular gravitational j^>oint. This distinction is of no conse- 
quence in commerce, hut it is \ ital in physics, because the gravitational 
pull of tlie Ivarth is not equal at every point because the Karth is not 
a perfect sphere. 

The weights and measures we are familiar with today evoKcd 
through titc establishment of agreed measures tliat are essentially arbi- 
trary. These were applied by the use of subsidiary standards, regularly 
diecked against the primary standard in the possession of the governing 
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authority. Over the centuries, the degree ut acxuracy of measurement 
increased. Standards had to be remade to greater accuracy, and allow- 

ance made for corrosion, heat, even baronu-tric pressure. There were 
fears fi)r tlic satV ty of tlit- primary standard, and so a natural standard 
was sought that could be returned to it the nian-madc one were des- 
troyed. The English standard was based on dry barley grains, carefully 
selettfd from the middle ear; three grains end to end made one inch. 

When the French, in the brave, reforming days after the Revolution, 
wanted a unified system of metrology, they chose the distance around 
the Earth through line Poles, and said that die basic unit, the metre, 

should !«' one tcn-iTii!!io;ith part of the distance from tlie Pole to tlic 
£)quator. The French scientists assumed that, should the metal bar one 
metre long that constituted the primary standard be lost, dien it would 
be possible to re-measure the Earth. Utifortunatdy for such a bold 
scheme, errors were made in tlir computation, so the metre bar was 
simply a physical standard, just like the old }'ied de lioi, or the Eliza- 
bethan yard. The twmtieth century has also setded on a natural stan- 
dard, that of the wavelength of a line in the emission spectrum of cad- 
mium. 

THE .STANDAKDIZA 1 ION OF WEIGHTS AND MEA.SURE.S 

Strong, centralized governments, .such as the Koman empire, have come 
closest to achieving standardization of weights and measures over large 
areas of the globe. On the Continent of Europe, with a multitude of 

small states and prinri[ialirii 'v. standardization was only fully achieved 
w ith the imposition oi tiie metric system at the turn of tlic eighteenth 
century, under the Napoleonic empire. In Britain, where natural stan- 
dards existed earlier than iti most of the rest of Europe, it was agmn 
in p<T!o(ls of pr)liti( al staliiiity umler strong rulers that the important 
Steps towards standardization occurred. At the end of the eleventh cen- 
tury, William the Conqueror gave the order for standards of weight 
and measure to be stamped and used throughout Ei^land, though he 
made no change in the Anglo-Saxon units. Magna Carta (1215) embo- 
died the requirement that there should be one measure for wine, one 
for ale and one for com throughout the realms of England. But it was 
the Assize of Weights and Mcnsun *. of Henry III that established in 
England the troy' pound (probably derived from the French town of 
Ttoyes which had an important fair) for weigliing gold, silver, corn, 
spices, and the 'meahant's' pound for other goods-later to be described 
as 'avoirthijwis' ; and the standard yard 'I"ho natural stantlards estalv 
lished by tlie Assize were to be kept in the E.xchetjuer, and copies to 
be distributed throughout the country. 

The next important developments in the story come with theTudors. 
In 1497 Henry VII ordered new copies of all the standards to be made 
and distributed, on receipt of which, all old weights and measures were 
to be destroyed. In 1588, under Elizabeth I, new sets of avoirdupois 
wei^ts were sent out to 57 towns and counties. The standards set 
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[^Q Four nineteenth-century book covers. 



[llj Pillar dial, French, unsigned. This is 
unusually large and decorative for a pillar 
dial, made in white porcelain with gilded 
rims. The hour lines in black and the half- 
hour lines in red are drawn for the latitude 
•♦9°35', which is marked on the pillar. 
Vertical lines in black delineate the Zodiac, 
and red vertical lines t)ie months, which are 
divided into approximately ten-day 
periods. The four seasons are inscribed in 
French. The horizontal gnomon, which 
swivels into position over the date line, is 
pointed towards the Sun, when the vertical 
shadow will give the time. The line of 
latitude +y"35' runs just below Cherbourg 
(49°S8') and Luxembourg (49''37'). 
Overall height 2+7 mm ; base diameter 
fil mm. 

Mid- 1 9th century. tVhtpple Museum (739). 
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opposite: 

Hir Chemical balance, sij^rned on a trade 
lahel: (;i:<)it<;i: knujiii .\ sons. 
Ironmungers&Manul'acturfrsofCheniical 
& Philoflophkal APPARATUS, F^ter 
l^nf. Cheaf^sidfs Tsii', I.onJun. 
LXiiioutitul)l(-, with sUtI iR-aiii (length 
180 mm ] . hrass column and pans. The 
beamrekasc In »[Kratedbyaleverand 
cord. The maliDcaiiy case has a drawer for 

grains, platinum I tu iugrainj», aiidu. 1 to 

0.5 grains. Base 275 x 155 X 58 mm: 

overall hcijjlit .S7s mm 

C. IMO. Mu.sfum oj liif llisiory oj Snemr 

(dim.lS9). 



by the Tudors bear the nanu' of Winchester, tlic ancient capital «>(' Eng- 
land and for centuries a major centre of trade. Tfu Gouldesmythes Store- 
house, published in 1609 fay H. G., Citizen and Goldsmith of London, 
states: 

Tficrc is onciy two sortos vvaightcs iisotl in Kiighuid the which 
are allowed by Statute, the one called Troy waight, the other Haber- 
depois waight. The Troy waight cont[|ainethj 1 2 oz. to the pound 
waight, and the Haberdepois 16 oz. to the pound waight. But the 
Tr(\v w aighte is the ground of the other, and of any other waighte 

u.sed. 

At that (late, the mmilM-r ot grains in a tniv p<nin<l w as .'ildv K t-xactlv 
the same as in tlic pound troy tliut hecanie tlie Inipenal .standard w eiglit 

by Act of Parliament in 1824. The number oTgrains in the avoirdupois 

{H)und ill H.df) was Tfiso. tonsulerahly higher than the TOOOgrainsdiat 
became tiic Imperial standard in 1855. 

The 18S4 Act made the troy |x)und the primary standard of weight, 
and the yard of S6 inches the primary linear unit. At the date of the 
.Act the national primary standard, a brass yanistick in the official jkis- 
session of the Speaker ol the House of C'<minu)ns, was that made in 
1760 by John ButI, copied from the Royal Society's copy of die Ex- 
chequer Standard yard. Bird made two yardsticks . u 1 1 r w 1 7 .'* s and one 

ill 1 7f>0, and it was the latte-r that was finalK' acceptfd )n law i lnw ever, 
Its otticial existence was .short, tor it wa.s destroyed, together w itii other 

Standards, in the fire at the Houses of Parliament in 1 894. Fortunately, 

the Royal .Astronomical Society had caused a standard yard to he c<in- 
structed for its own u.se in XHAI, that was closely comparable to Bird's 
official standard. This was ttierefore available to take the place of tlie 
Pitrliamentary standard destroyed in the fire. It was not until 1855, 

howcMT. iIkjI ;! A( r o!" l':irr':iiitcrit oljhlislicd this standard, ami 

at the same tiinc tixed tiic a\ oirduixus ])uund ol 7tx)o grain.s a.s the 
primary standard of weight from whidi all other standards should de- 
rive. This re\'erM/<J ihc isii j- .Act's establishment oi ilir tmy inumd as 
the primary standard, with the axoirdiqiois ixnind as Milisuiiary From 
XhHH lx)th tyjX's of jM>und had liceii concurrently in u.se for different 
purposes, and the fixity of oat or the other as the primary standard 
did nt)t affect this usage. The two types of weight system still exist 
today, though the troy pound is now abolished, and only tlie troy ounce 
remains, 

Throughout the eighteenth century tin m Mtititii study of metrology 
W"as growiiitx in importance in Kiiropi'. What was heing investigated 
were the \ ariuus po.ssihle means of relating a standard of linear measure- 
ment to a constant measurement in the natural world, so that, even 

il'a materia! .standard were tiestniyetl. it w ouKI he a compar.itix rly sim- 
ple matter to repeat the basic measurement, in Uritam, tlie leading 
tiguiv in this research was Henry Kater ( 1777-1835) who served with 
the Royal Engineers in India, where he surveyed in the Madras region. 
This experience led him to improve geodetic instruments. He invented 
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a reversible pendulum with interchangeable centres ot oscillation and 
suspension. The distance between these conjugate points can be used 
in the equation for the simple pendulum, and so tiie length of a (^lendu- 
lurn beating seconds can be found with c»)n.sidcrablc accuracy 'I'his en- 
abled Kater to obtain accurate values utg, tlie acceleration due to gravity. 
The Royal Society awarded him a medal for this work in 1817, and 
it led to his being asked tu assist in the standardizatioti of weights and 
measures in Britain. As a result of his work in the iK^Os, the measure 
of weight was separated from lengtli, and taken as the weight of a partic- 
ular |»eoe of durable metal. 

In France, metrology was pioneered at tlie end of the seventeenth 
century by Jean Picard and Adricn Auzout, and, in the course of the 
following century, there were exchanges of information on the subject 
between the Royal Socie^ in London and the Academic des Sciences 
in Paris. One of the first moves of the revolutionary N'.itinnal Assembly 
was to set up, in 1 790, a comnuttee of academicians to v\ urk on a nation- 
al sjrstem of weights and measures, based on sdentific measurement. 
The use of the pendulum was rejected in &VOUr of a fraction of a physical 
standard uhi< h tlu- committee was ref]ui red to rc-< alml.itc The length 
of the metre was ttius established, and this was the tundamental unit 
fix>m which the metric ^stem was derived. A law of 1 0 December 1 799 
enacted the length of the metre, and the weight t>f the kilogramme, 
which was the weight of a litre of distilled water. The system was to 
become oompulaory in 1801 . In 1837 a new Act was passed to forbid, 
undersevere penalties as from i January 1840, the use of any but metric 
weights and measures Tlic Bureau International dcs I'oids ct Mcsures, 
at Sevres, near Paris, makes aiul provides prototypes ot the metre and 
kilogrunme for subscribing countries. In 1897 the British Pariiament 
allowed the use of the metric system in trade, and abolished the penalty 
for using or possessing a metric weight or measure. In England and 
in France the strong central governments had created a reasonably 
uniform system of weights and measures duriiig the medieval period. 

The situation among the small states and free cities of Gcrr-'in^y and 
Italy was completely different. Italy, with kingdoms, duchies, com- 
munes, and cities, never managed to achieve any standardization until 
the middle of the nineteenth century- It was the unification of the whole 
00imtr\' in 1871 that allowed a national standard for the first time, and 
this was tormed by the French metric system and not by choosing one 
of the indigenous systems. 

The I'nited States Constitution conferred on Congress the jK)wer 
to fix standards of weights and measures. But, for many years after 
1789, Congress toolt practically no action towards the exercise of this 
authority. The proUem was similar to the difBculties in the way of 
standardization in EuroiK-; the o{)p<isiti<'n of [x-ople t<i < linnge in their 
local traditions, and the difficulty ot entorcing any new system. ICadi 
of the individual States had its own standards, and Congressmen would 
risk St rious unpoputsri^ b}' a iM i ating new, countrywide standards. 
What brought matters to a head was the problem of tiow much gold 
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Ql J Standard yard made of brass, in an oak 
case, llie yard is defined by the inner .sides 
of the blocks at each end. Sipned : DE 
GRAVE, LONDON. Also inMTibcd: 
IMPEHI.\L YARD MANORIAL COURT 
LEET STOW ON THE WOLD 
cn.olTE.sTEKSHlHE 1837. At one end is 
puiH luti the Hoyal Cipher of William 
and at the other the Kxchec)uer mark. 
1 K37. Museum of the History of Sdmce. 
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.should be put into coins, and of securing conformity in their weight. 
A brass troy standard pound was therefore acquired in London in 18a7, 
and e.stabli.shed as a .standard in the National Mint at Philadelphia. This 
pound troy was the work of K. B. Bate, one of the leaditig London 
instrument makers of the period. It was to such craft.smen that the task 
of making the subsidiary standards of weigiit and measure was 
entrusted. 

During the nineteenth century it became necessary to fonnalize the 
checking of primary standards, subsidiary standards and weighing 
instruments. In Britain, the Standards of Weights, Measures and Coin- 
age Act 1866 created a special department of the Board of Trade called 
the Standard Weights and Measures L>epartment, that was given cu.s- 
tody of the primary standards and the job of verifying them, and also 
the subsidiary standards. By tlie Weights and Measures Act of 1878, 
local authority departments were established to deal with the stamping 
and verification of all weights and measures and connected apparatus 
for industrial and commercial use, as well as the detection and preven- 
tion of fraud in these areas. Tlie Board of Trade also carried out verifica- 
tion for foreign countries that did not have their own standardizing 
departments. By 1900 there were such departments in all the chief Eur- 
oi^ean capitals. The United States Bureau of Standards was .set up in 
1901, under the charge of a Director. Like the British Department, 
it covers physics and chemistry, as well as commerce. 

Linear Measures 

The two standard linear measures in use at the beginning of the nine- 
teenth century in Britain were the yard and the ell, the latter having 
been introduced in the reign of Elizabeth I as a measure of cloth, con- 
sisting of 45 inches; it continued as a legal measure until 1824. The 
actual length of the ell varied from one European country to another, 
and e\ en the Scottish ell was shorter than the English, measuring only 
37 inches. Ell rules, therefore, can be found in a variety of lengths, 
and there are also examples with different ell lengths marked; they 
are generally made of wood, with brass ends and scales. Y ardsticks 
for domestic or commercial use are generally made of wood, but there 
are examples of standard yardsticks made of bra.ss, usually with a 
case Ql]]. Those dating from the early part of the century may bear 
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1^23 Standard metre made of glass, in its 
mahogany I'asf. The metre is defined by the 
flat tips of the conical ends. Made by Ollaiid 
of I'trecht in 1856. 
1836. Teylrr s Museum (■*). 

Bushel volume measure, of oak and 
iron, branded: BI shel. \Veight.s and 
Measures De|>artment brand ; N/G 
LCrownj R,'56". Diameter .S6i) mm; height 
385 mm. 

c. \9\i. Pm-atf collection. 




Bronze volume measun- .signed : Df 
Grai^f Ijiiidon. Marked: Q_uttrl Wimhrstfr, 
and :HirNDHED OF RHYDDLAN 
c tM N l Y OK FLIN I 1 8 17. Diameter I lo 
mm , height 16;'i mm. 
1817. Xlttsrumoflhe lltstor\ of Saenef. 




the name of a manorial court, and al.so a date and the rt\val cypher. 
After the ell wa.s no longer in use officially, but yardsticks conti- 
nued, and standard brass Imperial yards from the latter j>art of the cen- 
tury tan be found, stamped with tlie cTown and initials of the reigning 
monarch, and also probably a date. Later in the century, a selection 
of linear measures listed in retailers' catalogues could include: yard 
or metric rule of boxwood or steel; flexible steel rules; calipers of 
boxw«M)d or steel ; micrometer of German silver or steel. 



C*]] Standard gallon, of brass, iri-scribed: 
WEST KIDINU COUN TY COUNCIL 
rENTRAl. distRICtNo. +7«>. Marked 
with till- Royal C'ipluT of Victoria, and the 
department number IT l-. Bast- diamcttT 
241 mm ; overall height !i6'2 mm. 
c. 18HO. hippie Musrum (SGI 5 ). 

"6" Im)x;rial pint and half-pint, brass, 
inscribed C O I N T Y o F M F. R T K O l< » 
187». Sdeme Musrum ( 194&-Hfi; 29 ). 

"7" Apothi-cary 's reference standard 
measures, issued by the Board of Trade, 
1878. A group of five brass measures 
from 1 fluid drachm to S fluid ounces, 
corret t at a tcmjxTature of fi'i'^K, with 
glass caps. 

1878. SiitnL-e Museum ( l.9ai-H»fi ). 



In France, prior to tlie adoption of the metric system, the linear stan- 
dard was the Pied de Koi, which was equivalent to 12.7892 English 
inches. 

Capacity Measures 

The British Winchester standard capacity measures were those estab- 
lished by Henry VII in 1497, and were defined by the weight in troy 
ounces of their contents of wheat, by "striked measure', that is, with 
the top levelled by a thin board. The measures, which were standard 
for wheat, wine and ale, were: the pint ( I2|^ troy ounces of wheat) ; the 
quart; the pottle (4 pints) ; the gallon, and the bushel which was 
a dry capacity measure, equivalent to 8 gallons, or MOO troy ounces 
of wheat. Standard Winchester metal measures, usually of bronze, can 
be found, dating from the early nineteenth century Q4]]. Prior to metri- 
cation, the French grain measure was the minot, which was equivalent 
to 1.108 English bushels. 




54 • NINETEENTM-CENTl'R Y -sr I F. N Tl FIC INSTRUMENTS 



There was confusion between the Winchester standard gallon, and 
the smaller, traditional wine gallon, which resulted in an Act of 1707 
defining the English wine gallon as 231 cubic inches. By comparison 
the Winchester gallon had iJfiS cubic inches. So, from 1707, the wine 
and the ale gallons were officially different. 'I'he wine gallon pas.sed 
into use in the United States, and became legally adopted there as a 
standard capacity measure in 1836. Tlie Imperial gallon of 1824 con- 
sisted of 277 cubic inches, .so that it is 20 per cent larger than the current 
United States gallon. Tlie Imperial gallon is now defined as the space 
occupied by 10 pounds of distilled water at a given temperature. 

Before metrication was adopted in France, the 'pinte' and the 'quarte' 
were used, llie Krench pinte was equi\ aleiit to ().;m4 of an Knglish 
quart, and as there were 2 pinies to I quarte, the Krench quarte was 
roughly half an English gallon. 



WEIGHTS 

The basic English unit of weight has, since the thirteenth century, been 
the com grain from the middle ear. The grain is the common unit 
between the troy and the avoirdupois tables of weight. 'Hie pound troy, 
made the Imperial standard in 1S24, consisted of 5760 grains, and the 
pound avoirdupois, after considerable variations, was substituted as the 
primary standard of weight in 18.5.5, at 7(K)() grains. British weights of 
tlie nineteenth century are likely to be from either ofthe.se two tables, 
or possibly from the apothecary's table of weights, which was still being 
used in the first half of the century for dispensing medicines. The Briti.sh 



[|83 Set of six grain weights, in fittfd, 
wooden case, 20 to grains. 'I'fu' largest 
weight is inscribed: U.S. STANDARD soo 
ORAIN U. THOE.MNER 
PHILa[delphi a" The I'Sstandard 
grain was introduced in 1828. Henry 
Troemner started making scales and 
weights in 1 840, and the firm continues 
today. Case 120 x 70 mm. 
Mid- 19th century. Museum of the History of 
Science (80-17). 
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~9~ (Jroup of avoirdupois flat weights in 
Won, and a set oftroy cup weights in brass. 
Hat weights signed : C . H . CRANE 
WOLVERHAMPTON (diameter of2 lb, 
90 mm ) ; each stamped in a lead plug with 
the Royal Cipher of Victoria, and the 
Weights and Measures Department no. 65, 
which is that of Wolverhampton (after 
1878). Charles Henry Crane was working a 
foundry from 1 H44, which a)ntinued into 
the 20th century <'- l «.*K). 'n>e cup weights, 
marked TROY, and the weight in ounces 
from 16" to J , are stamped with the Royal 
Cipher of Edward V 1 1 and the number 4.13 
for Berkshire. Diameterof 16oz.,68 mm. 
c. 1905. Private colUclion. 





QlO] White, earthenware weight, lead- 
filled, marki-il iin the top: ^ lb, and signed: 
J.T. SHENSTON M ANIIFAi:TURER 
395, .STRAND I.ON DO N. James T. 
Shcnston is in trade directories from l Ha6 
to 18-«>. 

i: 1 840. Museum of the History of Science 

(7)- 



Phannaa)poeia of 1864 officially abolished the apothecary's table, by 
requiring Imperial weights to be used for weighing drugs. 

Troy 

1 penny weight = 2+ grains 

1 ounce = 'it) jienny weights = 480 gra ins ( S 1 . 1 g ) 

I pound = 12 ounces = 5760 grains (0.3732 kg) 

1 4 ounces, 1 1 penny weights, 16" grains = 1 pound avoirdupois 

Aiwrdufiois 

1 dram = 27.4 grains 

1 ounce = 16drams = 4.'}7.5 gntins (28.35 g) 
1 pound = 16 ounces = 70<H) grains (0.4535y kg) 

15 ounces, 40 grains = I pound troy 

Apothecary 

1 scruple = 20 grains 

1 drachm = 3 scruples 

1 ounce = 24 scruples = 8 drachms = 480 grains 
1 pound = 12 ounces (same as troy ) 

In the Netherlands and parts of Germany the weights in use at the 
beginning of the nineteenth century were similar, as would be expected 
since all derive from the old Saxon .system. There were trade pounds 
divided into 16 ounces, troy pounds divided into 16 ounces except in 
England where it was 12 to a pound. .And there were medicinal weights 
where the pound was divided into 1 2 ounces. What did differ cojisidera- 
bly in some cases were the sizes of the weights, which is revealed by 
quoting the metric equivalent. 
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Commercial Ufighls 

[H}und= Kioz 
Amsterdam K'» l-I g 
Amwerp +70-2 g 
Liogc -MiT.l g 

Bruges MiS.f) g 

Gent 433.9 g 

Paris 4Hy.r> g 

Cologne W)7.;> g 
lA>ndun +5.1. 6 g 



Troy weights 

Holland 
Brabant 
France 
England 



pound 

+9'i.l7g 
1-70. a g 
-t8y..5 1 g 
373.24 g 



tiiTisions of tin ounce 
16 wigtje.s 
16' handjes 



leleeuwtjes 
24 deniers 
32 pfennige 
16' drams 



divisions 

16" ons of 20 engels ot 32 azen 

16 ons ol 20 esterling of 32 azen 

16 oncv of 20 esterlin of 24 grain 

1 2 oum-e of 20 jiennvweight of 24 grain 



The French pound was the livre, consisting of 9216 French grains, or 
75S5 English grains; it was, as is shown by the table, considerably 
heavier than the English pound, though the heaviest of all was the 
Dutch pound. 

In the Netherlands the metric .system was brought into use in 1812. 
To make the transfer more acceptable the old names were retained for 
the new weight multiples. Thus i kilogramme was 1 Nederlands ptMid, 
and UK) grammes l Nederlands once; 10g= I Ned. lood: 1 g= I Ned. 
wigtje. Abbreviations of these names can be found stamped on Nether- 
lands metric weights. A similar situation applies to capacity measure, 
where, for example, I Netherlands maat je= I decilitre = lOO ml. 




^1 13 Standard kilogramme weight, of 
bras.s, fire-gilded, in its woixlenca.se. Made 
by Fxluard Wenckebach of .Ani.sterdani in 
1856. Diameter of weight /jonini. 
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[^1 aj Dutch standard litrt-, also known as a 
kop or kan. inadi' of hra ss . 1 1 In-a rs t wo 
inspector's marks Diatnclcr l(K)iniii. 
r. I8'2(t, Musfum IWrhatnv ( A a 1 1 ). 




ri 3^1 Dutch pewter volume measure, 
inscribed on the handle: Ul'Bh. NED. 
M A A 1 J E. riie ' Double Netherlands small 
measure' contains 200 ml. Iliere art' thret- 
series ol insiKitors" year-letters, I H.5s to 
1 885, and 1 Hit I to 1 9 1 I r,. The first is 
prei'eded by the [mtu li-niark ol'J. Kverts, 
.■\rrondissemenf.s-ljker ( itis|x'Ctor) for 
"s-Hertogenbosch from \ H20 until his death 
in I8fi.'>. Diameter of base- 6°U nmi:heif;ht to 
lip I20 mm. 

1858. Musfum itj thf Uislnry oj Scifttce. 




WEIGHING MACHINES 

To dctcrniine tlic weight of bodies, and to compare mass, many difler- 
cnt types of weighing instrument have been devised. These lall into 
four main categories: equal-arm balances; umH]ual-arin balances; 
spring scales: automatic weighing macliines. llie tenns 'balance' and 
'."scales' are almost ittterchangeahle in general use to signify a wcigliing 
in.strument, though some balances do not incorjMirate any kind «>f scale, 
and a spring scale does not involve the j>rinciple of balance. It is worth 
noting, however, that makers of weighing instruments in the eigh- 
teetJth and nineteetith tvnturics often described thenisehes as "scale- 

iiiukcra'. 

Equdl-iirm Balances 

The term 'balance', w hich can be defined as meaning a state of equili- 
brium, has come to be applied to most fonns of weighing instrument. 
It is even applied to the 'spring-balance*, where, in fact, there is no 
question of two weights achieving equilibrium, 'i echnically, however, 
there are two types of e<]ual-arni balance: the beam.scale, where two 
pans are suspended from a horizontal beam, which is either hand-held. 
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or supjwrtccl hv a vcriiail pillar; and the balance, the more accurate 
i-oiistruttiori. Ih-n-, thf kniff-otlgcs and bearings supporting the beam 
and pans in the working position are relieved when the instrument is 
not in use by the <>|X"ralion of a lever and cam at the base of the pillar. 
This reduces wear on the knife-edges and the bearings, and is found 
particularly in balances for use in chemistry or in assaying; such 
balances are housed in a glass case to exclude dust and draughts. 

llie .smaller beam.scales that were intended to be hand-held, often 
by a silk tassle, were usually those used by apothecaries or for w cighing 
coins. The afmthfcary 's balance almo.st invariably has glass pans, though 
(Kxasionally ix ory may be u.sed ri + & l.')J ; the balance should be con- 
tuinetl ina lM>\,andacconipani(.-d by u fights marked in drachms, scruples, 
and grains, and frequently a small shovel and glass measuring con- 
tainer. The simple, hand-held beamscale was also u.sed for weighing 
coins until the eighteenth century, when the folding gold balance was 
invented. 

A larger version of the hanging beamscale came into use after 1 8.S6", 
when bakers were obliged to sell bread by weight, and therefore needed 
to have scales with them in their vans. Tlie.se bread balances, designed 
eitlier to be hand-held or iuing from a hook, had slotted weights to 
hang on one side, and hooks to grip the loaf on the other. 

I-arger l>eamscales, for shops and other commercial uses, were made 
with a central pillar supjxirting the beam, or w ith a bi>x base, .sometimes 
containing drawers. There was no legal requirement to stamp weighitjg 



^14^ Apothe«rA''s l)alaiK-c. signtti: l& 
ft'. Halt Scale Maker.', n .5/ ILn Market St. 
James's. K<|ual-arni .Httvl iK-ain (U iigth 
1 7.5 mm ) , with oval box ends, and ivory 
|Ktiis { diaiiu-tiT K(> mm ) . 'Hit- iiialtogany 
cas<' is tittfd lor cylindrical brass weights 
with knobs, with values from I grain to 1 
()/., including drachms and scru|)lfs. 'Ilje 
Holts were listed in directories for 1 BOO and 
I SOT. C'a.sf 'i I V X 1 (►+ X M) nun. 
c. 180.5. Museum uj the History of Science 
{!)■ 
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[ 1 5 J Close-Up of tlic signaiuri- on tlic hniss 
locker cover in the balance ca-ve mIiuwm in 
piaie 14. 
C. 1803. 



machines with their capacity until 18.90, but after that date, ati inspec- 
tor's stamp can bo found, impressed on a lead plug set in the beam. 

Coming increasingly into commercial and domestic use during the 
Victorian |H.Tiod were equal-ami balances in which the pans are set 
above the beam. I'he principle ott which these balances work was dis- 
covered in IWV9 by the French mathematician, Ciilles Personne de 
liohnral, and bear his name. 'Hie popular jwstal balances are frequently 
made to the Roberval design. A later design, invented in the mid-nine- 
teenth century by another Frenchman, Joseph lifran^er, and patented 
in 1 8+7, improved on the sensitivity of the Roberval design by introduc- 
ing subsidiary beams below the main double beam. The Beranger 
balance has a characteristic boxed-in base, enclosing the mechanism. 

I'neifutil-iirm Ha lance 

The unequal-ann balance is of very ancient origin, and uses the principle 
of the lever. 'Vlw steelyard ~lf>~, which is the tyjx' commonly found tor 
a variety of uses in the nineteenth century, has an inmiovable axis or 
fulcrum, with a pan or hook attached to the shorter arm for holding 
the load, and a moveable counterpoise suspended from the longer arm. 
This arm is marked with a scale, and the weight of the object in the 
pan is discovered from the scale at the po'mt where the counierjwisc 
keeps the two arms, or lx?am, exactly horizontal. Hie steelyard princi- 
ple was used particularly for weighing heavy loads, but steelyards in 
portable form are found for weighing bread, and also as letter sixties 
( see below ) . 

Spring Scales 

Spring .scales do not rely on achie\ ing a balancv, but are based on the 
deformation of one or more helical springs. As this is prop«>rtional to 
the weight that causes it, the graduation of the accomjwnying si-ale 
is simple. 'Hie spring is usually made of steel, and the accuracy can 
be affected by metal fatigue, and also by temjx'rature. Tlie instrument 
has to be calibrated by the maker, and should be checked at regular 
intervals. 

Automatic H'eighing Machines 

The impulse towards the development of automatic machines was com- 
mercial. Tlie object was to speed up the weighing of goods and working 
out the price, and to ensure a high degree of aevuracy in both processes. 
The spring Hcale tias the advantage that it iinnK-tliutely rcgi.stcn* the 
actual weight of whatever is placed in the pan. Much work was done 
towards the end of the century to produce .scales and mechanisms that 
displayed weight and price together. 

Coin Balances 

In the eighteenth centun,' and the first half of the nineteenth, no pro- 
fe.ssional or business man would have been without his own coin 
balance. Something more conveniently useable than the beamscale was 



1^16]] Butcher's stct-lyard of the turn-o\ er 
{\\k; siglKtl : \V . i!c T . A V F K V ; also 
illMTihcd : I M P K R I A I. M>. '1111- UTtll 
[mpiTial was first used in 1 826. Ov erall 
length n.'> mm. 

Mid- 1 f>th century. Musfum of the History of 



clearly needtxl, and the folding coin balance filled this want, and was 
sold in large numbers. Credit for the itivention was claimed by Anthony 
Wilkinson of Kirkby, Lancashire, between 1774 and 178*2. The folding 
balanix' is contained in a slim rectangular box, and the balance lifts 
into position when the lid is opened. The weighing of gold and silver 
coins was necessary both because unfamiliar foreign coins were in 
general circulation, and because tlie actual welglit ol ilie prciious metal 
in a coin of the realm could, either through use, or the dishonest activi- 
ties of counterfeiters, be less than its nominal value. A coin, it must 
be remembered, was then not simply a token, but an object of intrinsic 
worth, because of the precious metal of which it was made. A factor 
in the weighing of coinage is the former use of both silver and gold 
for currency purpo.ses. lioth are legal tender, but the ratio in value 
( roughly I of gold to 1 .'ij of silver ) between the two metals can vary 
according to cronomic factors, and the supply of the metals ; an example 
was the Californian ( 18-1-8) gold rush which made gold the priticiple 
currency metal in the I'nited States. 

The traditional English currency was based on the tri>y )M>und of 
silver, with ao shillings each of l*i |K-nnies, the silver |x.'nny being the 
coin in circulation; this was pre-Conquest. Tlie first gold sovereign 
was minted in 1489, but it was subsidiary to the silver standard. The 
value of gold changed, therefore, like any other commodity, which is 
why there was a variable shilling and |x.-nce equivalent to the gold 
'sovereign', e.g. (id. in 170'2. In 16'f)6 there was a recoinage, and 
the guinea was eventually establi.shed in 1717 as '21 shillings by Isaac 
Newton during his |x?riod as Master of the Mint. England adopted 
gold in the eighteenth century and legalized the gold standard in 1816. 
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[1 7] Sovereign balamt' s, abdvf si^ed : 
DE GRAVE A SON. St. Martin leCiraiul 
LONDON; WoTt'signed: H ARRISON. The 
up|X!r is a !it.'ll'-<'riftirig bra.ss balance lor 
checking the value of sovereigns or, 
employing the turn counterpoise, for half- 
sovereigns, 'ilie sliding weight detemiincs 
dist:rfj)anc-ies in {X'tice or farthings, llie 
sovereign was introduced in 1817, and the 
fimi changed its name in 1 84+. Case closed 
1 38 xi tK 1 ,5 mm : height erected 75 mm. 
f . I Sm. *I"he cast brass device hfhw is 
pniperly calkrd a coin tester, as tlie actual 
weight cannot be found. The counterpoise 
just balances a true coin : the slots are to test 
thickiK'ss and diameter. The instrument is 
contained in a cardboard case. Samuel 
Harrison of Uimiingham advertised such a 
devitx" around I sso. (>\ erall length 9H rum. 
c. 1 8S0. Musfum oflhr History of Science 

(C. a««,-6t> »u»). 




Tlie theoretical ecoiioniists in the middle of the century used the term 
bi-tnctallisni in discussing the problctns that arose. 

'i'hroughout the eighteenth century, guineas and lialf guineas were 
the gold coins in use in Britain. At the very end of the century, the 
seven shilling gold coin (one-third of a guinea) was intnxluced, and 
coin balances were made to accommtxlate this third coin. Over the 
period of the Najwleonic wars, few balances were made, l)ecau.se the 
circulation of gold coins was greatly reduced due to the cost of the 
conflict, and paper money was printed to take its place. 'Hie eighteenth- 
century guinea was replaced by the sovereign of tiO shillings in \H\ii. 
Folding coin balances of the early nineteenth century are designed to 
weigh five coins, the guinea, half-guinea, 7-shiHing piece, sovereign 
and half-sovereign. By 1 8<28 a sovereign balance [ 1 7" of a simple rocker 
design, made from cast brass, was in production. This fitted into a cajv 
ended case of leather-covered cardboard, and was designed to weigh 
and gauge the thickness and diameter of a sovereign and half-sovereign 
only. By the lK4<)s folding balances of the older ty|K' were being made 
to weigh the two new coins only. In the latter half of tlie century the 
rocker balance took over wliat was left of the market, but the general 
use by the public of such instruments declined steadily, until the minting 
of gold money for use in Britain ended in Jf>l7. Kocker balances were 
also in use for weighing and gauging coins on the continent of Europe 
throughout the century. An adaptation of the rocker balance was made 
in 1851 to fit into the top of a counter or cash box, so that a variety 
of coins could be tested for dimensions and weight before dropping 
into a drawer, or the box below. 

By the middle of the nineteenth century what was needed for coin 
weighing was not instruments for individual use, but a machine for 
use in banks, to replace the tedious, and inevitably inaccurate re-weigh- 
ing of single gold coins, to check their weight. Such a machine was 
employed by the Bank of England, and by foreign banks, in the 1840s. 
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[[1 8J letter balance on thf K(»lH-n al 
priru iplc, wliitli i-mploys upixrand lower 
miss beuiiiN. Brass riK'chanism on a 
mahogany base, with brass flat weights of 
I , li, + and H oz. 'IIh' |H>stal rates on tlie 
plattorni are tliose in fonv from 1 H7 1 to 
1 K5>7. IVaso a-K) X l.SO mm ; overall height 
MO mm. 

c. 1880. PriViitfcollniion. 




LlfJ' I'ostal scales of the 'candlestick' 
fKltlern, signed: R.W. WINFIKLD 
B I R N! I N c; H A M . This brass, spring scale 
was intrcMluicd at the same time as the 
penny ih)si. Roln-rt Walter Wintield 
registered the design on I .S January I H+o, 
and it iasti-d fttr stun*- ■i.'i years. 'Ilie postage 
rate in the pence scale is that in operation 
between IK+Oand \ M}'i. Win field was 
aitivefrom to iHhO. Base diameter 
85 mm : height \ fiH mm. 
f. \»50. Frrfatecollfctiott. 




The solution came with an invention by W. Cotton, a former Governor 
of thv Bank of Kngland, who devised a machine with a hopper that 
could liold 'jOO sovereigns, and automatically separate light from full- 
weight coins. 'Hiis invention was awarded a Prize Medal at the Great 
K\liil)itioii of IH.">I, wluTf a similar design devised by Baron S<'guier 
for tlie Bancde France and made by IX-leuil of Paris, w as also exhibited. 

Po.sliil tiahim es 

'V\\v Postal Act of 1 S-K) introduced the modem postal .system to Britain. 
Rowland's Hill s reform consisted in introducing postal charges ba.sed 
on weight, not on distance, and a system of prc-payment recorded by 
means of adhesive .stamps. 'Hiis had been adopted all over the world 
by 186'0, and in 1876", the L'niversal Postal L'nion was established, 'l lie 
new .system created the demand for instruments to weigh letters and 
jwrcels, in order to estimate the cost of postage. These were found 
in many homes, as well as in officx's. 'I'he most popular designs were 
of tlieRoberval ty|K' ~l8l, but there are also examples of the traditional 
beam.scale pattern, others in the form of the steelyard, and al.so spring 
LIfJJ and pendulum .scales. The majority of Victorian postal balances 
carry details of the current postage rates, and this information can be 
used in dating the balances, as can the maker's name, and/or a patent 
date- 

Cliemical Balances 

Tlie assayers of gold and silver, and the apothecaries, u.sed balarnes 
of some refinement and accuracy, but the use of the fine balance in chem- 
ical exiKTinieiits is credited first to Joseph Black (1728-99), who 
taught chemistry at (flasgow and then Kdinburgh L'niversity. His 
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[20] Chemical balaiKe, with brass ofK-ii- 



tbrm beam ( length ■idO mm), and stci-1 
swan-iKfU ends ; tvtural stwl knife edges 
riding o» agate planes. Tlvo beam release 
slides on a central pillar and carries a 
horizontal bar with vertical projections that 
lift the iK-ani near its ends. This advanced 
feature is offset by the crude, old-fashioned 
swan-neck ends. The mahogany and glass 
case has a sliding front ( removed in the 
photograph). Case 3.45 x lf>7 x (height) 
3-K) mm. 

c. 1 850. Musfum of the History of Saence 
(chem. }(>V). 



Iji 1] Chemical Iwlance. with a long beam 
(lengtli 36.1 mm Ix'twet^n knife edges ) , 
signed ; L. Ontling iMndon. The long beam 
lialance was made from about 1 8+7 to about 
1920. The balance shown here was u.sed by 
William Kani.say and .VIorrisTravers in 
their work on neon and other rare gases in 
1896. 




c. 1 890. Science Mmeum ( 1937-1 1 ). 
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CSSj Chemical balance, with a short beam 
(length I M) mm). signed: PATENT. F. 
Sartorius, Giittingen. The beam is 
triangulated, oi'aluminium, with steel 
knife-edges and agate platies lliis balance 
will discriminate to one |>art in a million. 
Horenz Sartorius founded his business in 

1H70. 

1876. Scienct Museum ( I87G-380 ). 




[as^ of agate weights, I , a, a, .i and lo 
grammes. Such weights can be used when 
corrosive substances might cause 
contamination. Ulsc ofca.se s.'i x «8 mm. 
c 1 KfX). Museum nftke History ofScieiUf 




quantitative experiments in the \150s on transforming limestotie into 
quicklime by removing carbon dioxide ( 'fixed air' in those days) were 
the first of their kind, the weighings taken to one grain, or 0.065 g. 
But it was the father of modern chemistry, Antoine I^urent Ijvoisier 
( 1743-94), who believed in the principle of con.<K'r\ation of mass, and 
who con.sequently pressed for much more sensitive balances. The impe- 
tus he provided meant that the nineteenth century o|x;ned with some 
newly invented chemical balances from the workshops of precision 
instrument makers, not from common .scale-makers. In Ixindon the 
most renowned mechanical engineer, Jesse Ramsden ( IT.S.'j 1800), put 
his inventive skills into balance design, to such efl'cct that Lavoisier 
believed only Ramsden's instrument could match those made for him 
in Paris by Nicolas Fortin (1750 1831). Other advanced chemical 
balances known before 1800 are by Hurter & Haas of Ix)ndon, 1793, 
and W. & S. Joties of I^ondon, 1797. 

In the early years of the nineteenth century, Kdward l"rt>iightorj was 
held in high esteem as a precision instrument maker and circle divider, 
and he made a numlx'r t>f chemical balances. From Ka.ssel, F. VV. Breit- 
haupt & Sohn supplied a beautiful balance to .\ndrew Vrv ( I77« is."i7 ). 
the Scottish professor of chemistry who became, in IS30, a commercial 
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pv~ Cardboard, moving model of a steam- 
engine piston. Published by Thomas Jones 
and T. Gilbert Jones in MatKhester, 
together with an explanatory booklet that 
is dated 1903 Area 241 x 152 mm. 
c. 1900. Museum of the History of 
Scunce (Sis). 



Qv^ Models of three water pumps showing 
the action of ( from left ) a force pump, a 
double-acting pump, and a simple lift pump. 
Heights 543 mm, fiOO mm, 540 mm ; 
cylinder diameter f. 43 mm. 
Late 19th century. Museum oj'tht History of 
Science (AGU, AGV, ACT ). 
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£yQ Saentijk Researches! - New Discoveries in PNE VMA TICKS! by James 
Gillray, 1 802. 'ITie lecturer is Thomas Garnett ( 1766-I80S) and the assistant 
is Humphry Davy. The air-pump on the bench has a frog under the bell-jar, and 
in the store room is an electrical machine with electrical chimes. On the shelves 
are demonstration piec-es in electricji, mechanics, and chemistry. Standing at 
the right is Coutit Rumford, one of the founders of the Royal Institution, which 
opened in 1 799. 

1 80« . fTellcome Institute Library . 



WEIGHTS AND MEASURES • 6S 



aiialvtical chcnii^t. A specialist maker of precision balances who caught 
the rapidly expanding market was lliomas Charles Kobinson 
(1798-1841 ) of Pordand Haoe, London. His instruments were used 
ill ronncxion witli tlic Im)H.Tia! vt.imlard troy pound of lH'i4, and his 
were tiic first tine balances to be imported into tlie United States. 

One of the great names associated with chemical balances is that of 
Ludwig (X-rtlin^; (1818 JJ.i) 1 J. who was appn ritiied in Berlin to 
his l)r<itli> r My 1H47 Ludwig had started a Inisintss in London, and 
it continues to tlic present day. He was given a Council Medal at the 
Great Exhibition of 1851, for a balance with a graduated beam and 
a form of rider. An Oertling vacuum balance was in use i u vcn i87S 
and 1892 for comparing weights against tlie national standard 

Although Robuison liad used siiort beams on his baluiiix-s, tlie liieury 
of the sUntxt beam was not worked out until 1 806, by the German engi- 
neer I'aul Hnngt'. it had been tlioiiixlit tliat the longer the beam, the 
gr<at< r the accuracy achieved, but this is not the case. Following 
Rungo s research, his ideas were actualixed in the instruments trfFIor- 
enz Sartorius (1846-1925), who founded his business in GSttingen 

in 1870, where it still rontituK's to (ijHTatc The Savrnviiis Indancc 
was made in the early 187Us witii a .'i^-i'Hh 1 1 H» inni) Ix-am made 
of aluminium (then a new metal) and agate plates to support the steel 
knife edges tl)at protrude fh>ni either side of the beam and about whidi 
it txilaiues I'hig balance could (and still does) discriminate to one part 
in a nnllion. 

The Dutch firm of Bedter exhibited at the Great Exhibition, and 

is responsible for sup[)lying many ihemital Ijalances for iis»' in st Iiools, 
colleges and inthistrial laboratories, By the end ol the eeniuty these 
balaiKX's were standard items in the catalogues of large retailers ol 
scientific apparatus. The 19I0 catalogue of J. J. Griffin and Sons Ltd., 

for e\anijilc. W'^ts rhc'inHal aiu! aiialytieal halani<'s. cased and uruased, 
ten ditierent models ot balance tor demotistrations in jiliysics, two ledl- 
nical balances up to in kg. and eight for specific gravity work, as well 
as pharmaey and bullx r '.I dances. This represents the precision end 
I )f the market, and excludes tim very extensive commercial and domestic 
trade. 

The CltutnirumeUr 

The elii>n<lronieter "jH *2'~_ is a tvpe oi halanee s|>ei itieallv intended 
for weigiiing sainj)les ot corn, barley, .seeds, and the like, in order to 
teat for quality. The English chondrometor, produood following an Act 
( if Paili.iiiient vvlsirii e.inie inli' Com- on 1 laniiarv isjf), was of the 
steelyard type. It was titled with a counterpoise sliding over a scale 
calibrated to read directly in pounds weight ot grain per bushel. 

Tlu- Miifit-rs 

A jxirtieularly skilled and important maker was the sjx^^eiahst metrolo- 

gist, Robert Brettdl Bate of London (c 1793-1843), who produced 
the standards of weight and measure when the new Imperial standards 
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[2+] Chondrometer, or grain scale, 
signed: H ATKISSii UlLL. I»iKlon. Nfade 
of brass and steel, parking into a mahogany 
case. A sample of grain is placed In the 
bucket and levelled by the wooden striker'. 
Along the arm of the balance slides a 
counterweight which acts as an indicator 
over the calibrated scale. This gives 
readings for the weight of grain in {wunds 
per bushel. 'l"he printed instructions in the 
lid refer to an Act of Parliament of 1 January 
1 82fi. Case i.SO x <«) x 7(> nun ; height of 
balance 70 nun ; length of iK-um '2 1 (> mm. 
C. 1 840. Museum of thf History ofSdfncr 

(*)■ 



[25] Austrian chondrometer, or grain 
scale. Steel, equal-arm beam { length 
1 70 mm ), supported in ornately tleix)rated 
shears w ith a large, rourul sight-hole. 'IIh* 
arc atToss the centre is graduati-d from 70 to 
82, with 70 at the central balance |X)int. The 
{>an is very thick brass, deliberately (ire- 
loaded ( 86'. 72 gni ), and the truncated 
conical bucket {69.20 gm. 'il.h m\ ) is 
intended for grain. Tlie value indicated will 
be that of the grain sample in Wiener llund 
per Metze ( a \ olume measure ) . Tlie style 
of iK-am and decoration is typically Austrian. 
Mid-l»th century. Museum of the History of' 
Science (37-H*!i!7fi). 
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were introduced in the IHaOs. The firm also made hydrometers and 
saccharometers tor the Customs and Kxcise. Kicliard V'andome & Co. 
was another leading specialist maker, as was Wliitworth & Co., to 
whom a Counril Medal wa.s awarded at the (Jreat Kxhibition of 18.51, 
for a machine to comfiare a subsidiary standard with a national standard. 
Simms of London also exhibited standard yards made ft»r Parliament, 
and two standard scales used in their own workshop for dividing linear 
scales. French fimis which also won prizes for metrological work were 
FrometJt of Paris, and Perreaux, who exhibited a straight line divider. 

Fimis which specialized in the making of scientific precision balances 
in the nineteenth century include L. Ocrtling of Ix>ndon; Becker of the 
Netherlands; Marriott and Deleuil, both of Paris; A. Oertling and J. F. 
Luhme & Co., both of Berlin; Viberg of Sweden; and Bache of the 
United States. Founded in Paris in ih4H was the firm of E. and A. 
CoUot, which specialized in precision balances and also provided metric 
standards of weight. Another Frenchman, Beranger, showed his sensi- 
ti\ e shop balance at the Cireat K.vhibition, and also a "peso-compteur", 
which registcretl on a piece of paper the weight ot the object in the 
t)an. 

A leading British manufacturer of all tyjies of balance throughout 
the nineteenth century was W. & T. Avery. William and lliomas 
Avery took over the already established scalemaking business of Tho- 
mas Beach and Joseph Balden in IS 17, ojKTating at the Birmingham 
address. On the death of William Avery in 1K4.S, the firm was taken 
over by his sons, who were also called William and lliomas. In 1870 
the Atlas Foundry in West Bromwirh was opened, and by 188.5 the 
firm employed 770 people. W. & T. .Avery became a public limited 
comjwny in 1894 and a year later purchased the famous Soho foundry 
of James Watt & Co. that became the centre of what is now Britain's 
largest .scale-making company. 



[iJti" Trade label of Charles de Grave, of 
.'»9St. Martin-le-Grand, London, who 
sucxx■L■dc^d Samuel Head in 17«0. 1)e(Jrave 
died c. 1 799, and the Hrm continued under 
his widow, Mary, and a .son. 
f. ITfK). Museum oj Ihf History of Science. 
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Charles De Grave, seniur, was in busineAiii in Luiidun as a maker 
of weights and balances from 1 767 to his death in 1 799. His wife, Mary, 
took over the business, and continued to run it until 1844, using her 
name and the- (ifsiripf ion "widow of Charles Dt- ( ;ra\ t' on her iirodmts. 
She was succeeded by her son, also Charles, and the tinn eventually 
became De Grave, 9iort & Fanner, under whidi name it was taken 
o\ er by W. & T. Avery in 1990, though tiie old name continued in 
use until l.W2. 

The folding gold balance was the invention of Anthony >^lkbiaon, 
c. 1776. Later makers of this type of balance were based in Lancashire 

or Birmingham; leading produtxrs were Fl Re!! ^ Co., R. Rrow-n 
& ^M>ns, Steplien 1 luughton & Sun ol Li\ erpuul, Barnes & Aspinall, 
and James Bankes. The rocker sovereign balance was made in large 

quantitii's in Birmingham, and advertised by many retailers after 1 828. 

Leading spring bahuKc ttiakers were (teorgc Salter, John SliLkk)n 
and J. Cook, while the jx>pular candlestick' spring letter .scale was made 
byR. W. Winfield. 
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4 • Mechanics 



Give me but a place to stand, and I can move the world. 

Archimedes 



Tlu' products of applied mechanics are bridges, roads, cranes, engines, 
the houses in which we live. The way in which all these things, and 
diousands more, are cxxutructed depends on the dieory of structures, 

and the theor\' of fanes iiion inn n latix i' to caili otlit r Norn- of the 
products of these theories is a scicntitic instrument in the same sense 
as the theodolite and the galvanometer, that is, professional or experi- 
mental apparatus. But there have existeil. front tin- Ix-ginning of thi- 
eijjlitfonth century, pieces of apparatu'i uhi<!i illustrate tlif futidanit'ntal 
principles governing mechanics, s|)cciticaU_v intended for use in teach- 
ing. 

These demonstration models have shown, over two-and-a-half cen- 
turies, the quality of inertia which is one of tlii' fundamentals of mechani- 
cal tl>eor} . In the lirst decade of the eighteenth centur^' it was discov ered 
that natural philo8(4)hy could be efectively taught by demonstrating 

tlu- \ iirious physical eliects \Nitli ihrre-fliiiHiiNional iiiodi'ls. Since tlie 
basic facts about the WiM^ing ot tlie material world have remained 
unchanged, the ap{>aratus todemotistrate them has stayed virtually the 
same. 

Tlic substance of tlie le<ture courses on natural pliilosophy was 
assembled and used at Oxford University by John Keill (1071-1741) 
in 1700, and then by Isaac Newton's successor as professor of math- 
ematics at Cambridge University, William Whiston ( \661 Mr>'l), in 
I7d7 Thre«' vears later he was dismissed from the Uni\crsit\' for lier- 
esy, and niu\ ed to l^ndon, where he jomed lorces w ith I' lancis llauks- 
bee Snr (r. I666-171S), who was a well-known instrument maker, 
and ()t>iTator to the Koyal Svoi ii iv of London HauksHce's Phxsn'o- 
Mechanical Edferiments on I'arious SubjeiU, published in 170i^, com- 
bined the teaching of >Vhiston with his own practical demonstrations, 
and was responsible for launching the lecture demonstration. In M\C> 
a voung Dutchman. W'illeni Jacob 's ( i"rn\ csande \ isited KnglatuI and 
met Newton, w lio, tw o years later, hel|ied liim to .secure a professorslup 
at Leyden University. In I^yden 's Gravesande found an instrument 
maker, Jan \ an \f usschenbroek, who enabled him to illustrate his teach- 
ing with demonstrations, in the same manner as the Whiston-Hauksbee 
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Ic-ctures Ilf, too, publiNlicd his lecture course, and this was translated 
into English by John Ihcophilus Desagulicrs ( 16"83-17++}, another 
leading lecturer, who succeeded Keill at Hart Hall in Oxford, and later 
moved tt) I»tidoii. Tlie succession of lecturers and pul)lications, using 
the same Iwsic material, continued throughout the eighteenth century, 
reaching across Europe, where many universities acquired collections 
of teaching apparatus, and extending to North America. Harvard 
University iniicliasefl a fine cabinet of ilcnionstration pieces that still 
survives, and other institutions in the United States followed its cxam- 
pde. Once established, the demonstration method continued to be used 
in forma] teaching of science until after World War I, as is shown by 
the apix-arance in the catalogues of scientific equipnicnt sui)p!iers of 
the .sanjc demonstration items that were used by s Gravesande aitd 
Desaguliers. 

Mec hanics formed an important part of these oouraes, subdividied 

into statics, that is, j^ra\ itv, stability and equilibrium, and dynamics, 
or the laws of motion under tlte influence of forces. I'he matiiematicians 
and engineers of antiquity, notably Archimedes of Syracuse (S87-£18 
lie ), and Hero of Alexandria (fl. \i).'>() I '20 ) were tlie first to enunciate 
the principles of medianics, but it was Newton who finally established 
them in a mathematical framework. In his Principia (1687) be 
expressed three fundamental laws of motion : 

1. Every body continues in its state of rest, or of uniform motion in 

a straight litic, unless acted ujioii bv some external force. Perhajvs 
the most familiar example of this is the force with which a car pas- 
sanger is thrown forward on emergency braking, or unpact in an 
accident. 

2. The rate of change of momentum in a body is pro]-mrtional to the 
applied force, and takes place in the direction in which the force acts. 
This law is particularly well illustrated by the behaviour of die balls 
in a game of billiards. 

S. To every action there is an equal and opposite reaction- Tliis is 
demonstrated by the recoil of a gun. or the o|H;ration of a jet engirie. 

The Lever 

Archimedes was the first man to systematize and analyse the action 
of the lever. His book On Plane Kifuilihrium opens with the postulate: 
'equal weights at equal distatices arc in equilibrium; equal weights at 
unequal distances are not in equilibrium, but incline towards the wei^t 
at the greater distance'. This, the principle of the Roman steelyard (see 
Chapter S), led Archimedes to discover the centres of gravity of a 
variety of geometric shapes. There are three orders of lever, whicli 
depend on the positions of the fulcrum, the weight or load, and the 
power or effort exerted to balance or nio\ e the load The ratio of the 
load over the effort is called the mechanical advantage of the device. 
Examples of levers are the chemical balance ( see Chapter S ) , the steel- 
yard, and nutcrackers. The Roberval balance is composed of a jointed 
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~l' Compound whtel-and-axle. ( . I.'KK). 
Griffin. p. IH: 



paralK'lograni, jjivotiiig at thv tfiitrcs of tin- licains, tin- nul.s «»(' ilic 
beams iK-iiig linked together by vertical bars, 'l lie design ot this balance 
sfcms to defy the law of the lever, and this provides a fwradox that 
creates interest in it as a teaching device. HoberNal s invention also 
found practical application in grcKery and |H>slal l>alances (see 
C'liapter .s). 

The tf 'heel ii n<i Axle 

This apparatus demonstrates the action of a basic tyjx- of machine which 
f«)r centuries has lx*en used in well-head h»)ists and cranes, and in sliips" 
capstans. It consists of two wheels of tlifferent diameters fixed to the 
same axis ~_\~_.. Kflbrt applied to turning the larger-diameter wheel will 
haul up a load attached by a ro|>e onto the smaller wheel, or axial shaft. 
'I'he mechanical advantage is the ratio of the two wheels, the larger 
over the smaller. 

Pulleys 

A wheel with a gproovc in the rim that guides a rope is called a pulley. 
If one fixed pulley is used to raise a load to the top of a building, then 
the effort and the load are ecjual, and the mechanical advantage is there- 
fore one. If the pulley is allowed to move, by tixing the rope to a bean). 



[[2~ Pulley fratiie, .sliowing four diften-nt 
pulli'y-l>l»H-k sy.stem.s. c. 1 JKKJ. Grt£in, 
p. 
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^.i" Irulitifd plain-, witli variahk- aiigk- and 
load.t. nioo.GriJfin,f>. 103. 




[+21 Worm-drive to a whet-l-and-axlc. 

'Yh'is example is probably Italian and is 

made of brass on a woi>den base and pillar 

painted to give a marbled effect. Height 

7 U) mm ; base diameter ii.") mm. 

f. I800. \Iuieumoffhf History of SaetKt 

(74-HH). 




then the fixing pt>int shares the eflort, and the mechanical advaritage 
is two. A .series of pulleys, fixed and moving, can increase the advantage 
greatly- A system of pulleys that is know n as a block and tackle consists 
of two or tliree pulleys attached to a beam, hauling a similar array 
of moving pulleys. Demonstration pulley frames can he found, usually 
showing five or six ditterent arrangements to give varying mechanical 
advantage [[2^. 

The Inclined Plane 

A heavy load may be moved vertically with greater ease if it is hauled 
up an inclined plane, llie mechanical advantage is the length of the 
slof)e divided by the height of the slope. Demonstration pieces of appar- 
atus ~3' arc made so that the sloj)e can be adjusted to various angles ; in 
some of the more elaborate pieces, the load too can be varied. All have 
a pulley and scale pan, so tliat the effort may be \aried by adding 
weights, of which more are needed, the stee{vr the sIo{K'. 

Hedge 

'Ilie action of the wedge may be dcmonstratetl in its simplest form by 
being driven intt>a prejwred hardwood block. A more elaborate demon- 
stration shows the wedge Iwing drawn between rollers that are held 
together by variable tension against the force of the wedge, which is 
varied by adding weights. The action oi the wedge is both \ ertical 
and horizontal. 

Scretc and ff'onn 

The screw is one of the most ubiquitous of mechanical devices, being 
used for holding wood and metal together. It is alst) an essential com|Mi- 
nent in such machines as the vice and the jack, where the total effort 
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[Ji] I'rofessor Ball's version otl'rolfssor 
Willis's "protean mechanism' set to 
demonstrate tlie |>aralU'lt)grdin oflbra-s. 
Tiw strueture is tnude fron) standard units 
that can he re-arranged to make many of the 
demonstration set-pieces in mechanics. 
c. I«8K. K.S. Hall. Expfrimrntal Methanics. 




{Jil 'I"he acrobat, or 'e<)uilil)rist', whose 
centre o('f»ra\ ity is below the point of 
balantv. r. ISTO. lifsfhanfl,(> .KJ. 



required to hold or lift is very small compared with the weight of the 
load; an obvious example is a car jack. The screw also ap|H.'ars it> the 
form of the worm drive; the worm is, in eHbct, a screw attached to 
an axle, so that it can mesh into the teeth of a large cog-wheel [|4~. 
A small ettort applied to the axle slowly turns the cog-wheel, which 
can raise a heax y load. 

Pimillelognim of Forces 

S|x?cial demonstration pietx's. in the form of vertical and horizontal 
Iwards, were constructed to demonstrate the interaction of forces. F^or 
example, a vertical drawing Iward, with paper pinned to it, and two 
pulleys clamped at the top edge, can be so arranged that a weighted 
string pas.ses over each pulley, and is attached to a third string, also 
weighted and allowed to hang freely. It is then seen that the angles 
the thix'e strings make with each other, and the ratios of the weights, 
can be represented by a parallelogram, lliis is used to explain the equi- 
librium of three forces acting at a point. 

The Philosophical Table 

A piec-e of comjxjsite apjwratus, devised in the eighteenth century by 
VS'illem Jacob 's Cirave.sande of Ixnden, and later by the I^ondon instru- 
ment maker, CJeorgc Adams, was called the 'philosophical table'. The 
table was fitted with adjustable bars, brackets, etc. so that a number 
of diflerent experiments in mechanics could be |X"rformed, using some 
interchatigeable parts. 'Hie idea was de\elojx'd in the mid-nineteenth 
century by Professor William Karish and Professor Robert Willis 
{ l8(X)-7'>), who w as Jacksonian Professor of Natural and Experimcti- 
tal Philosophy at Cambridge from IKjjT. The two men devised what 
they called a protean mechanism' "."i^. a description of which Willis 
published in under the title: A System of Apparatus for the Use 

of iMtiirers and Experimenters in Mechanical Philosophy. Its use was 
further develo|x'd by Sir Robert Stawell Ball ( lK-M)-iyi3). in his 
Ejrperimental Mfchanics { 188i2). Robert Ball was Professor of Applied 
Mathematics ami Mt-chanics at the Royal College of Science, Dublin, 
from 1H6"7 to 1H74. The apparatus Ball described consisted of a kit of 
parts, rather like a Meccano set, and was capable of illustrating not 
only mechanical powers, but also the principles of bridge and roof con- 
struction, the fly wheel, jib crane and punching machine. 

Centre oj Gravity 

The weight of a body is defined as the force with which the Ivarth attracts 
it. Although the attraction is to every part of the body, the result of 
the separate forces of attraction is equal to the weight of the body, 
and mathematicians regard it as acting through a point w ithin the body, 
called the i-entre of gravity. Tlie I-eaning Tower of Pisa is the most 
famous example of the practical effect of the centre of gravity. Models, 
some elaborate, sonie simply sha|K-d blocks of wood, were made of the 
Tower to show that its centre of grav ity is still vertically above the 
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Foucault pciKluluni. to prove that the 
Earth rotates daily. The cHcct was 
discovered in IK-U bvj B L. FoiKault. litis 
model was niade in I HUd by \V. M. 
I»geiiian ( I H'J i 94 ) of Haarlem, and cost 
Dfl. I Ifi .S.'.. Overall height 74(i mm ; base 
diameter 'iJ«>mm ; length ot'pendtilum 
4i2() nun. 

1856. Tryler's Museum (fitil ). 



base of the structure. If the Tower were ever to lean further than it 
already dcx's, until the centre of jjravity is at a point beyond the base, 
the building would then collafxse. Another well-established and popular 
demonstration of this principle is the acrobat, or 'equilibrist' [6j. The 
puppt"t figure, show n balanced upon the pointed top of a pillar, is hold- 
ing a bar with weights attached to bring the combined centre of gravity 
below the figure's point of contact with the pillar; this means that he 
does not fall oft". The same principle is used by tightro|x.' walkers. This 
devic e, and another using inijipets to show a shifting centre of gravity, 
became playthings, and are also referred to in Chapter 1(>. 

The Pendulum 

The pendulum is a development of the plumb-line, a small, heavy body 
suspended on a light string, that is allowed to oscillate, and so control 
the escapement of a clock. The time taken for a complete o.scillation 
is calle<l the ]X'rio<lic time, which is proportional to the length of the 
pendulum, and to the acceleration due to gravity. I'lie tbmiula is: 

T = ^n ~^ 
V g 

Jean Bernard IxVm Foucault ( 1 S 1 m-6'h ) was a self-taught experimental 
physicist, known for two of the most significant experiments of the 
nineteenth century: the determination of the velocity of light, and the 
mechanical demonstration of the Earth's rotation, using a pendulum 
[[73. He nc>ted that the |X'ndulum of a regulator he w as using in another 
experiment kept to one plane of vibration. This led him to make a very 
long iKiidulum, by suspending a heavy weight on a steel thread, two 
metres long. The |iendulum was then pulled to one side by a thread 
which was hiinit thrmiffh to reloaso the cwndtiltini K<»n<-;nilt thiiH cliwov- 
ercni that the plane of swing of the pendulum gradually turned in the 
dircH tion of the diurnal movement of the celestial sphere. This experi- 
ment, first made on K January isfii. was re|X'ated at the I'aris Observ- 
atory, and elsew here, w ith longer pendulums. 

The Gyroscope 

Further experimerus in 1 K.52 on the movement of the Earth led Foucault 
to invent the gy ro.scojH? which al.so clearly deujonstrates the Firth's 
rotation, and, like the magnetic needle, maintains its spin in a fixed 
direction. Both the Foucault {XMidulum and the gyroscojx' became dem- 
onstration pieces, particularly the latter, which al.so became a tcn^ (see 
Chapter 16). .Another version of the gyroscope was the invention of 
Cieorges Etienne Sire ( 1826 I906), who was director and professor 
of mechanics at L Ecole d 'Horlogerie in Besani,-on, France. His device, 
which was called the polytrope ~9J, was designed to show the various 
movements of the globe, such as precession and nutation. 

Centrifugal Force 

Christiaan lluygeiis { 16!2.9-95) stated the formula that w ith a whirling 
btxiy the outward-acting force varies according to the mass and angular 
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[h2 Brass g_vrosco|K'. sigtati : J. H. Darn er 
\Iitmhrstfr. An «'arly exaniplc ofKdiu'aiilt's 
p\Tos*-()|>L', itnciiu-d ill IH;i'i. John 
Benjamin Dancer ( 1 h 1 'i ST ) , iiuived with 
Abraham from I jvcr|H)«)l to Manchi-sttT in 
IhH ; from IH-H' he traded alone. 
f. |8h'(), Miiifuni lit tlif History ttf Scifnff 
(HO-lo). 

^9]] A development of the gyrci-scope, 
signed: Poly tro|x' de M. siKK F.. M \HI)V 
a Paris. Tl>e brass rinjj represents a 
meridian on the Karth, and the vertical axis 
represents the jwlaraxis This 
demonstration picix- was purchased in 
by the Teyler's Museum lor l)fl. 
IBB I. Tryler's Museum (•'H*). 



velocity. Tliis was particularly ri-lo ant to the study ot the planets, in 
whose iiu)\cment the centrifugal force is balanced by grax itational at- 
traction. In order todenion.strate this principle, the centrifugal machine 
~\0' was dev ised, with which, by the use t)f a luiiiiber of pulleys t)r 
gear wheels, it is jwssible to whirl diHerent objects at .si>eed. Among 
the objwts wert* tuheis eontainiiif; particles suKpc-iided iti n liquid, ti> 
.show rapitl precipitation; balls sliding on a rod; u model of Watt's 
steam go\frt>or; and elastic hc^ops, which Hatteii out when whirled at 
s|)eed, illustrating thec««itourof the Karth, w hicli is flatter at the poles, 
and w ider at the equator. 

A popular and graphic demonstration of a similar nature was the 
centrifugal railway [11". Having descended from some height, the 
velwity of the cairiage takes it round in a circular l»)op, so tliat there 
is a point where the carriage is bottom upwards, and remains in contact 
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witli the rails in uppusitiuti to the law of gravity. Tliesc and similar 
effects have given rise both to toys and to fairground rides. 

Percussion Aj>lhn\ilus 

Momentum and collision art- illustrau-d usiiiij :i l);illisti« ix iuluhini. also 
called a percussion apparatus ^12^. A mtun oI metal or i\i>ry balls is 
hung on strings, so that the centres of the balls are exactly in line. 
It'otu- l)all at till" end of tlie row is swung so that it hits its neighlxmr 
the energy is transmitted to the other end of the line, where our ball 
will move away, the rest remaining stationary. If two balls are sw ung, 
only two will move at the other end, and so on. 

Trajectory 

A curved wooden ehute and a \ertical board can be arranged to show 
that the path of a body projected in a horizontal direction is a parabola 
[[ijTI. A small ball is released from the top of die curve, and oomes 

off tilt l)fittnm 'if the riirve liori/.ontally. It then falls iiiukr jrravity, 
and tlie resulting path of tall is a parabola. To demonstrate this, brass 
rings are fixed to the board, for the ball to pass through. 

Anotlii r apparatus shows the effect of two balls tallinu uiuler the 
guRlaiiie of tracks, whicli are curved in the form of a cycloid 3' I"! 
This is used to show that both balls will reach the bottom of tiie track 
simultaneously, though released from different points on the curve. 
This demonstrates the equal time of fall (tautochrone) proper^ of the 
cycloid. 

FaUinaVaamm 

An experiment that is as old as the air-pump ( sec Chapter » ) , is known 
as the GiiiiKM iiiil leather demonstration 3i .A tail glass tube is 
plaeed on the plate of an air pump, and at its top end is a brass cap 
with a release mechanism for dropping simultaneously a guinea and 
a feather. When the tube is evacuated, and the two objects released, 
it is (l('nions(r.ited that the guinea and the feather hit the bottom at 
the same moment 

AttDood Fall Mackiae 

A particularly large piece of apparatus was used to show the laws of 

motion uniformly accelerated or retarded, as wi ll as those untk-rgoing 
unifortii motion. TIk; apparatus was devised by tlie English matltcmati- 
dan, George Atwood (174«-1807), and puUished by him in 1784. 
The machine staiuls on a pillar over tWO metres in height, w ith at die 
top a pulle\ wheel i<n hearings that are fiearlv frictionless '^T tk IS~ . 
A curd loops o\er the pulley, and at either end are platforms on which 
disk weights may be placed. To one side is a pendulum dock for count- 
ing seconds The disk u eights jiass tlirough rings which allow ad- 
ditional bar weights to be added or taken oil' as the disk weights pass. 
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n 0^ CVntrif'ugal force demonstration 
apparatus.!-. 1872. />.v</w«W,^. 64. 




[| 1 1~ Modi'l of a centrifugal railway. "Ilii-s 
wasoflerwJfor.sak-at M^.tls.i-. UHM. 
GriJ^n,p. im. 





Ql2^ Percussion apparatus for 
experiments on the collision of halls. 
c. 1900. Griffin, p. 9H. 



^13" Apparatus to show that the path of a 
ball projected horizontally isa jxiralwia. 
liarly 19th century. Saencf Museum 
( Iff^Si ll-t) 
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1^1+2 Apparalus tor sliowiiij;; tin- projH-rtir.s 
of the cycloid. Tht- ball falltiig in tin- 
cydoidal curve will ri-acli tin- hottoiii iti tin- 
same time troni vvliidu-\ er (H)int in ilic 
curve it is released. 
Karly l.'»tli century. Sdeace Museum 
(WJ7 1127) 




i^l 51 Tall, gla.ss cylinder which can he 
placed on an air-pump and evacuated. n»c 
brass cap at the top contains a relea.si- 
mechanism for a guinea and a feather, which 
will both fall through the vacuum in the 
.sante length of time. 
I-larly l.'>th century. Science Museum 
( I927-I30H). 

" 1 6] fcjtgraving showing tlie guinea and 
feather' ex])eriment in o|H-ration. IK<iO. J. 
H. Pepper, The livy's Playbooi of Science, 
p. 15. 






" 1 7' AtwiKul fall mnrhiiic, for p\ fx-rimcnts tm the In w.s of motion, 
It is not signed, and is probably ofKmidi nianufaiture: tbe style 
i.s Mot F^iglish. The Parisian firm of I'ixii is known to have made 
ihesf machines. The Cambridge mathematician, (ieorge Atwood 
( I7 H> IHO?) invented the machine in about ITHi), and |)ublished 
it in 1 781. They wvrv offered for sale throughout the century, hut 
ver\' few have surA ivi-*!. Kase -WH x .'Hhi mm; overall iieight 
mm. 

Mid-l.')thix-ntury. J1'hif>file Museum (UMil ). 

~lKj Farts of an Atwood fall machine displayed l«7 4. A. Cianot. 
Traite flemfittmre (ie I'hysique, p. 43. 
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{^iifj jModd tosliow till- gearing in a mill. 
The crank turns a pin-wln-d wliii li itK-shes 
with a squirrel cage aiul sn tvinis a t in-ular 
platform. I leight ■ido mm ; ba.st- 
200 X l<>5 mm. I':arly lf*thix'ntur\-. 
Museum of the History of Science ( R72)- 




[20J Model jack, siglU'd: BRETON 
rw fen KS Hue Dauphine. 2.4, Paris 'Hie 
jack is moved hy a crank liandle and rack 
and pinion, the load iK'ing held in cheek bv a 
[>awl and ratcliel wIhh'I. Height of wooden 
case'J.'>."> mm. Mid-lf)tii century. Museumuj 
the History oj Science ( 7*- ii7). 




Mecluvi ica I \Io(Ms 

Si) far, dcnion.stration pim'.s have bt'cn (JcstTibcd that .show niei'hani<-al 
principles. Tliere have also existed since the late seventeenth ccnturj', 
model.s of the actual niachine.s made according to the principles of 
tnechanics, to denion.strate the action of capstatis, hoi.sts, cranes, wind- 
niill.s, water wlieel.s, dredgers, sawmills, and pile drivers. A pile driver, 
for example, was used in the coristruction of Westminster Bridge, ov er 
the River Thames, begun in 17.SS, and ojX'ned in 1 Z--Z- I' t-I- 
a model of the pile driver w as described by IXvsaguliers, a well-known 
lecture-demonstrator, who stated that it was the invention of 'the late 
Mr V'aloue, Watchmaker'. The same model continued to be u.se<l in 
lectures itito the first half of the nineteenth century, and was advertised 
in simplified form as late as 19(H). Exclusively nirieteenth-i-entury 
models are those of steam engines, such as the Watt beam engine, and 
locomotives. Tlie action of gears and piston drives were also demon- 
strated by sectional models, having moving parts. Hy IJMM) some of 
these nu>dels were being inex|>ensively made from cardboard Tiv, facing 
p. 'vt-^, so that erigineering students could buy their own sets. 
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[iij Model i)f tlic pilf «lriver used in the 
construction ol W estminster Bridge over 
the Thames during 1 13H to 1 750. The 
action is automatic. 'l']w ram is n-lcasitl at 
the top of the structure, and the grah then 
falls after it, the capstan drive ( by horses ) 
remaining continuous in one direction. 
Ox erall height 430 mm ; hase 
4O0 X 173 nmi. 

Early 19th century. Mufeum of the History 
of Science. 
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Hydrasttitls ks and Uydraiil.'i ks, th:i! ttwh us to m,de engiMs and contri- 
vances Jor the lif ting up, and Jor the l ontvymg oj xvater. 

Kolicrt Boyle, 1671 



The division of science into tofNcs is an arbitrary one made for the 
purpose of study. Ofu-n lK>un(lari( s nu lt away as a traditional subject 
of one t'ra iMH'onies absorlu'il l)\ atiotluT siihicct In foursf of timc- To 
a great extent this has otxurrud during tlie tweiitictli century, widi 
diemistry whidi now looks more like a branch of physics than an auton- 
oinous field of stixlv TIk' old jKisitKHial a'-tri>!intiiy has j(i\'cn wav to 
astro-physics, aiid the biological scientists recei\ e more and more help 
from the physicists. 

Hydrostatics is an extension of mechanics from the investigation of 
solid bodies to that of matter in the fluid statt\ And lierc again it is 
puaiiibli: to UiviUi: (]».' fluid state ilitu liijuiU aiiiJ gaacuus. Su iiicxlutiiics, 

hydrostatics, and pneumatics are three parts of one study, that of the 

e<juilibrium and motiwi of matter. 

Water has been assumed to be typical ot all other liquids, hence the 
use of the term hydrostatics, from the Greek, meaning the equilibrium 
of water. This is the general term customarily used to embrace the 
further cli\ isiciii ot'livdrodynaniies and li\ draulit '-, \\ hit li niax In- ik tnied 
as follows: hydrodynamics, the study of the motion produced in liquids 
by applied forces; hydraulics, the forces exerted by moving water and 
the ron.struction of machines. 

The results of the study of hythdstatirs are seen in the field of civil 
engineering ; ncN crtheless, the ciigiiiecrs ha\ e to be taught, and instruc- 
tional models have been used since the beginning of the eighteenth 
century. The range of the.H' demonstration pieces matches the various 
points that have to be conveyed to illustrate the theory of the subject. 
There is remarkably little change in the appearance of the devices 
through till < (uirse of time. 

In this branch of science the most fattious natne is undouhiedly that 
of Archmiedes (287-212 Bc) of Syracuse, Sicily, who is held to be tlie 
greatest mathematician of antiquity. I1ie Archimedean screw for rais- 
ing water is well known nO> a***! it has been in use continuoudy in 
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Ql^ Mtxlcl of an Archim(!clian screw. 
WTien the helix is lunied, a ball placed at 
the bottom will be raised to the top. This 
example, made of brass aiid mahogany, was 
used in teaching at tlK* Clarendon 
Laboratory, Oxford. BaseaHfi x 134 mm. 
Mid-lfnh century. 
\Iusfum of'tht History of Science. 



rSj Kngraving of a Tantalus cup. 'Ilic 
syplion is hidden in the body of the figure 
(see plate 7).<'. 18«o. Tissandier,l>. (i7. 
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([Sj Communicating vessels. Whatever 
the sha|ii-, till \\ .uiT U-vcl is the same. 
c. 1900. Gnjfin.p. 230. 





^ji"] Pascal \ asf s. v\h!oh shuw that tlic 
pressure on the buttuin ot a \ e-ssul dejK'tiii.s 
only on the area of the base and the height of 
the colunui of water supfiorted by iu and not 
on the shape orthevesM}.r. \9QO. Griffin, 
p. 391. 



Efjypt since his clay It n;is also iist>ci in Hollancl. driven hv windmills, 
sitKc It IS more cthciciu and can rai»c water to a greater lieight than 
the water wheel. Arcfahnedes is also universally known for his cry 'Eur- 
eka!' ( I have found it! ) . What he had fniind was the principle of six-i i fie 
gravity, while deciding whether the kinp's crown was of pure u,old or 
an alloy with silver. He set down die principles in iii.s On bloating 
Bodies. 

•Another name from Hellenistic times is that of Hero of Alt xaiulria 
(fl. AD 50-liO). His Pneumatics, the text of which exists in Cireek, 
whereas his Mtekanks is known only through •\rabic translations, is 
the fundamental worit on hydraulics. Tliis illu.strates the problem of 
definition, because tile Pneiiinalics describes 7^ dc\ ices using water in 
syphons, tbuntains, the malting of pumps and syringes, tire engines 
and so on. Many of the devices are 'conjuring tricks'; water poured 
into a vessel causes wine to t\o\\ out . water compresses air that sounds 
a tov trumpet. The cightccnth-icntury lecture-tlemonstrators took 
over a number ol Hero .s de\ ices to instruct (and amu.se) their 
audiences, and such ineces of apparatus continued to be made and used 

into tile tu eiitietli < clitur\ j-I 

By \(iHH Cialileo had noticed that a suction pump cannot raise water 
to a height of more than about 10 metres; this obscr\'ation seemed 
to contradict the medieval Catholic doctrine that nature abhors a 
vacuum. .Amonp tliost who rep-ated the exp rinn iit was K\ ange!ista 
Torricelli (ions , who used a colunui ol mercury. This reduced 
the maximum la ight to about 7^ mm, because mercury is I3*fi times 
as heavy as water, and Torricelli was thus able, by 1684, to produce 
an effective baronn tcr The French mathematician, Blaise I'.iscal 
(lAeS-4le), al.vo 1-N.iK-rioicritfil with liquids in very long glass tiilH>N 
of different shapes, and in 1647 he published Exphritiuts KOUvtUes Um- 
f/hiiit If iii/f, in u hich he claimed that a vacuum was possible, and could 
be created experimentally. 

As a result of this work on the vacuum, Pascal was able to formulate 
a numlier of basic principles about the behaviour of liquids. One is 
usually expressed in the statement that water finds its oun lev el This 
was demonstrated by a series of ditierently shaped vessels, njade to 
intercommunicate; if the upparattts is then filled with water, the vertical 
le\'el it reaches in the different vessels, whether wide or narrow, will 
be the same T.i' 

Another apparatu.s that bears the French scientist 's name is the Pascal 
vases 1^4^. The principle here is that the pressure exerted by a liquid 
on the sides of the ve>ssel in which it is cotitaiiud ilt pi iuls oi; the depth 
and tile daisity of die liquid, but is independent of the shape of die 
vessel, and the quantity of the liquid. To demonstrate this, three or 
four glass containers are usetl, that arediiferetit in shajie. but have bases 
of the same area. 'Hie ha.se of each (oiitainer is a cU)sely fitted <lisk 
held in place by a lever balanced by weights. Water is tlien jx)ured 
into eadi container in sequetxe, until the first drops begin to seep 
through die base; at that point, the height of the water in the container 
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r|5] Gla.s.s apparatus with jrts, to show that 
pressure is transmitted etjually in all 
directions, c. 1900. Griffin, p. a.'X). 



[jf>2 Spouting can, showing that the 
veltK-ity of the jet depends on the head of 
water, c. I870. DfSf/ianfl,/>. 827. 



is noted. It can then Ik- observed that seepage t>ccurs at exactly the 
same height, whatever the shape of the container, thus establishing 
that pressure is dependent on the area of the ha.se and the height of 
the column of liquid only. 

Pascal also studied the nature of water pressure and discovered that 
pressure exerted atiywhere upon a mass of liquid is transmitted undimi- 
nished in all directions, and acts with the same force on all equal sur- 
faces, and in a direction at right angles to those surfaces L;>j. Tlie dem- 
onstration apparatus here consists of a hollow sphere of glass attached 
to a glass cylinder containing a piston. In the sides of the sphere arc 
a number of small, open-ended tubes. When the sphere and cylinder 
are filled with water, and the piston depressed, water spouts from all 
the tubes equally, and not merely, or mainly, from those opposite the 
piston. 

Attributed to Torricelli is an experiment on the dynamics of liquids. 
He discovered that the vehx-ity of the eflux of water depends on what 
is generally called the head, that is the height of the water level above 
the point from which the water is discharged. Torricelli's theorum was: 
v = agh. where h = height and g = acceleration due to gravity. This can 
be shown by means of the spouting jar, a tall container with three or 
more holes at different heights in the side ijR'}- When water is poured 
into the jar, the jet that pours out with most velcKity, and reaches furth- 
est, is that from the lx>ttom hole. 

.A very ancient hydraulic device is the syphon, and its purpose is 
to transfer liquid from one vessel to anntlier. 'Hie syplion efl'ect can even 
be emplt>yed for conveying water t)\ er long distances. The es.sential re- 
quirement is that the |xiint at wiiicli the r<reiving end of the syphon 
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dips into the reser\'oir must he higher than the exit end. If this is 
arranged, and the prtjcess is started by ensuring that the syplioti tube 
is full, it does not matter if, at some points, the tube is raised above 
the rcscr\oir level. Tlic flow of water will continue unchecked until 
the receiving end has access to no more water. The principle of the 
syphon was often graphically demonstrated by the stM-'alled Tantalus 
beaker [7]. As the container is filled with water, it enters the short 
arm of the syphon tube; when the water level reaches the top of the 
tube, the syphon will be charged, and the process of di.scharge will 
begin, so that the water pours out through a hole in the bottom of 
the beaker. Tlie beaker often contained a figure about to drink, gener- 
ally representing the mythological character who was tortured by being 
constantly offered a drink that was always withdrawn before he could 
taste it. 

Tlie studies on liquids of Hero of Alexandria are recalled in the name 
of a long-established demonstration piece, Hero's fountain ~8j. The 
apparatus consists of two linked containers, that can be made of brass, 
Japanned tin, or glass. In order to make it function, the upper re.ser\ oir 
is nearly filled with water, while the lower contains air. Water is then 
poured into a funnel at the lop, down a tube through which it falls 
into the lower reservoir. It condenses the air, which forces the liquid 



1^7] Syphon glass, showing the working of 
a TantaliiK nip ( «<•<• plate 'i ) I Icifi^ht 
l.Sfi mm, ba.s<' diamet«*r 7n mm. 
c. 1 890. Museum of the History of Science. 



[^8^ Glass model of Hero's fountain. The 
upper globe is nearly filled with water, the 
lower contains air. 'ITie fountain is activated 
by pouring water into the cup at the top. 
Height hito mm ; base diameter 1 iO mm. 
Late l!»th century. 
Museum oj the History of Science. 



[ISQ Intermittent fountain, r. 1870. 
Deschdnel,f>. 2,i3. 





HYDROSTATU S • K7 



^ 1 0~ Model of a fin- engine o)"a type in use 
from the 1 7th century. Two force pumps 
give a continuijus jet. c. ISiOO. Griffin, 
p. ^.9ft. 





Ll 13 Model -showing the action of an 
undershol and an overshot water wheel. 
£•• I900. Griffin, ft. ao/. 



in the upper reservoir out tliroufjli a jet. Another fountain lienion- 
.stration is really more a syphon effect, hut is known as tlie intermittent 
fountain ~92- A globe placed above a dish is threc-fjuarters filled with 
water, whicli pours out of spouts into the dish. Tlic air return tube 
into the globe has its entrance near the bottom of the dish, so that 
when the water from the s{x>uts fills the dish and eovers the hole, the 
air is cut oH, and flow from the spouts ceases. The dish has another 
.small hole to the ba.se fray, and when the water level falls again, the 
air can again enter the globe, and the water spouts afresh. Natural w aler 
springs often demonstrate this effect of intemiittetit flow . 

Pumps ha\ e be-eii used to draw water from wells for centuries, long 
before the principle on which tiie pumj>s ojKTate was understood. The 
two main types ot pump are the suction pump and the force pump: 
sotJie c"an be double-acting~v, facing p. 6*4". The suction pump has a 
valve at the toj) of the pi]K' which goes into the well (known as a clack 
\alve}, that is made of a hinged, circular leather flap, weighted by a 
brass disk to fall shut. Above is a cylinder with a piston, which has 
another valve in it. 'Hie pump has to Ix' jirimed i)y pouring water into 
the top, to make an air-.seal. On the dow nstroke of the |)iston, tlie valve 
opens, and water passes above the piston, the lower valve remaining 
shut. On the upstroke, the \ al\e in the piston closes, and the water 
above is ))ushed out of the spnit. .At the same time, the lower valve 
o|K'ns to admit water from the well, which rises because the rising pis- 
ton has reduced the air pressure to less than that of the atmosphere. 
.Atmospheric pressure cannot support a column of water more tlian S4 



88 • NINETEENTH-CENTURY SCIENTIFIC INSTRUMENTS 




[[12^ Barker's mill, ur hydraulic 
tourniquet. The horixontal vwter jets turn 
the vessel. \V10.DitiAatut,p. lOi. 



fcft lon^, so, in order to nnse vviUcr higlicr than this, a force pump 
IS used. In this pump, the piston is solid, without a valve. Water is 
drawn up in the same way as before, but on the downstroke it is forced 
into a side chamber, on its way Xo the spout. The manual fire engine 
of the eighteenth and early ninctLt nth centuries consisted of a pair of 
force pumps, connected by a lung handle, and worlted by four men [\(Sy. 

The natural flow of water in rivers and streams, and artificially flow- 
ing water, can be used as motive power by means of water wheels. 
A large-diameter wheel is provided with bucltets, or float-boards, set 
round the drcumferenoe, on which the water acts either by pressure, 
or by impact. ITr- priiKlpal types of water wheel are the undershot 
and tlie overshot, both mounted on liorizontal axes. Overshot wheels 
receive the water at the top ot the wheel, and are used when the quantity 
of water in die driving stream is small, but there is a high faU, for 
example, in mountain streams. Water is coUerted in specially shaped 
buckets w hich, as they fill, turn the w heel by unbalance of weight. The 
undershot w lieel is used when there is a large quantity of water com- 
bined with a low fall. The stream hits the float-boards an die undernde 
of the wheel and turn it by impact. Models of water wheds were usually 
made to show botli types of wheel together ^1 1]. 

Another form of motive power using water is the turbine, particu- 
larly the one known as Barker'.s Mill. The demonstration model can 
be made either of metal or of glass 7' -I- A water container is m<nitned 
abo\e and below on a vertical axis, and at tlie bottom are a number 
of side jets, usually three or four. When the vessel is filled with water, 
it escapes through the jet holes, and this causes the w hole vessel to 
rotate. This water turbine was also given the name hydraulic tourni- 
quet', and waa the invention of i)r Barker, shown in mtxlel form to 
the Royal Society in 1749 by Jdin Deaaguliers. 

rnsral's principle of the transmission of jiressure in fluids foutul an 
important application in the hydraulic press. When a fluid completely 
fills a vessel, and pressure is applied to any part of its surface, diat 
pressure is transmitted equally throughout the whole of tlie enclosed 
fluid. The hydraulic press "l.S M-7 was in\ented in 17.9.'i hv joseph 
Bramah ( 1748-1814'), an Elnglish engineer and cabinet maker, perhaps 
best known for his effective safety lock, patented in 1784. He also 
patented a fountain jx ri, and devi.sed lavatories w ith tanks and syphons. 
In its simplest form, the hydraulic press consists ot a cylinder and piston 
of large diameter, connected by a pipe to a tbrce pump of much smaller 
diameter. The liquid used is oil, which is pumped firom a supply tank 
into the cylinder, and the pistors nio\es out like a ram, exerting con- 
siderable force. A valve is provided to release the pressure, and allow 
the oil to return to the tank after the press has done its work. The 
press can be used for the compression of soft materials, su< li .is waste 
paper, and also for shaping motor-<-ar bodies, and other kinds ot jilating. 

Another popular model was that ol the diving bell Lloj. The glass 
dome, containing a model figure, is lowered into a tank of water: 
attached to the top of the dome is a flexible hose, through which air 
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[[is" Example of Bramah's hydraulic 
press: signed LOaEM.lS ES h i Sl KLEH 
Haarlem IS^H. This pri-ss was purchasi-d in 
IS/iS by the Museum for Dfl. .477.^5. 
Ov erall height, including table. 1 1-K) mm; 
pressure disk diameter ."JOO mm. 
1858. Teyler 's Musrum (99). 

Engraving to show the working of a 
Bramah press. IHS 1 . 1). I..ardner, Treatise 
on llydruitatiis and Pneumatics, p. 15. 



is forced into the bell by a syringe, to ensure that the air pressure pre- 
vents water from entering the base of the bell. This type of diving 
bell was used to enable workmen to descend into water to dig the foun- 
dations of bridges. 

The specific gravity of a substance is the weight of a given volume 
of the substance, divided by the weight of an equal volume of water; 
this is an application of Archimedes' principle. The traditional way of 
making the measurement was to use a balance, and to weight the sub- 
stance in air, and then immersed in water QlG & l"^. The formula is: 



S.G. = 



jight ii 



apparent loss of weight in water 



But a quick, simple test apparatus was needed for many purposes, and 
this need was supplied by the hydrometer. 

The first account of the use of the hydronieter in England is that 
written by Robert Boyle ( 16''27 .01 ), and published in the Philosophical 
Transactions oj the Hoyal Society ( 167,5 ), under the title: "A New F^^say- 
instrument invented and described by the Htmourable Robert Bt)yle 
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^l.*;] Modfl of'a diving hell, with a syringe 
to keep up a supply ofair under the bell. 

c. 1£>00. Griffin,/'. .'tlO. 



Ql 6j Specific gravity balance, signed : 
TIITH ER, 321, llniborn, LOSDOS. 'Ilic 
glass '[K'ar' is weighed in air an<l then in the 
liquid. John Tuther flourished during the 

c. XHiO Siieme Musrum ( m,')+ !fU6 ). 




together with the uses thereof etc.' llie practical purpose of the instru- 
ment was to detect counterfeit coins, e.sjxK-ially false guineas. It wa.s 
through BinU' that the word hydrotneter came into the English lan- 
guage, from the CJreek for water and measure. It is not difficult to 
see why the French word hydrumetre signifies a rain gauge: in French, 
hydrometer translates as aerometre. 

i owards tlie end of the eighteenth century, methods for measuring 
the specific gravity of water /alcohol mixtures were developed for excise 
purpt)se.s, sitice a tax was levied accorditig to the strength of alcohol. 
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£l 7j "ITie specific gravity balance by 
Tuther (shown in plate 16") packed in its 
mahogany case. 11k- counterweights are 
marked B for bucket, S for sinker ( al.so 
called a '|x*ar' ), \V for water, and A tor air. 




Tlie Royal StKiety was iinolved, and the Philosophuvl Transactions pub- 
lished, in 1790, a Report on the best method ot |)roportioning the 
Kxcise upon Spirituous Liquors'. In l"f>l- the S<Kiety sponsored a 
detailed investigation, and Je.s.se Ramsden { 173.'>-IS(K)) made a preci- 
sion balance with whicli to measure a wide range of spci'ific gravities 
of watLT/alcoiiol mixtures. 

TIlv IIUHlcrti IiydroiUftfi- diflV'r.t little (roiii noyl'''.i «>rij;;iiiiil .\ j^rad- 

uated stem is attached to a hollow bulb, which is weighted so that 
the whole can float witli tlie stetn upright. The instrument adopted 
for used by the Kxcise was that lorm of the instrument proposed by 
Bartholomew Sikes, a collector of Excise for Hertfordshire at the end 
of tlie eighteenth cetitury. As a result of the work of an advisory com- 
mittee. Acts of Parliament were {wssed in Britain ( the first coming into 
force on ."ith January, 1817) that sixjcifically refer to the Sikes" hydro- 
meter, f«)r taking the degree of strengtli of all spirits. K.xcise olficers 
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[ 1 8 J Sikes exrisc pttem hydrometer, in 
itscasL- with theniiuiticter and slide rule, 
signed on the Hoat : HL'SSSS Ilalton (r'" 
SIKES I57.i5. Sijjnedon topofcase; 
SIKES HYUROMETEK BUSS S3 
HATTON GARDEN LONDON. All 
counter weights are stamp>ed : BVSS 
1 5735. 'ITie mercury thermometer on a 
bone base is a replacement by a firm that 
also made similar sets ; it is signed : W . R . 
LOFTUS LTD 821 OXFORD ST 
LONDON. A book of tables with the set by 
Tlionia.s O'Denipsey Buss ( successor to the 
late R.B. Bate), is dated 1K83. Ca.se 
245 X 106 X 52 mm ; length of float 171 mm. 
c. 1 883 . Museum of the History of Science 
(69-^). 



adjusted the readings to a standard temperature of 6'2'^F, which was 
the temperature at which the Imperial gallon w as defined : the \ olume 
containing 10 pounds ot distilled water. 'I"hus the specific gravity of 
a sample of spirits, niultipiied by ten, gives the weight in }X)unds of 
an Imperial gallon of the bulk liquid. 

The Sikes hydrometer is made of gilded brass, and employs weights 
to koop the stem flo.itiii|pr at a definite mark. It u.siiallv .Hupplicd in 
a box, with a thermometer, and a slide rule to adjust for tetniK-raturc 



L 1 if] Two brass Sikcs hydrometers in use, 
and a case of glass hydrometers calibrated 
for different ranges of specific gravity. 
Late ifJthcinuury. Science Museum 
(photograph 801 /(?* 
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[20~ Wesiphal apiwratiis for determining 
the .s|xrfific gravity of liquids to four places 
of decimals. Tlie sinker weighs 1.5 grammes 
aiid displaces ft grammes of distilled water 
at 1 5"C. The four sizes of rider vary by a 
factor of 1 0, so allowing measurement to 
four decimal places from tlie graduated arm. 
Height '2U) mm; beam length \i>5 mm. 
c. I9tx). PrixMtecolUction. 




( and -somctiint's a hooV of tables for tlie same purpose ) 1 8 1 9J . F I ydro- 
ttlfters made in glass luive graduated stems, and no weight.s to be 
added, the liquid level giving the sjHfific gravity from the reading on 
llic stem [[19^. nicre are a great many hydrometers made for s|Htial 
pur|io.se.s, since the te< litii(HK' is a .simple one for clKi king solution 
strengths. S|Krial purpo.se include: brines (thesalinonieter) : acids (the 
acidim»'ter) ; milk (the lactometer) ; brewing (the .saccharonieter, not 
to be confused with saivharinietcr. see Chapter l-i); alkaline leys in 
bleaching: jniinonia, which is lighter than water --I- 

.\n ini|K>rlant \ ariation <>n the liytlroineter is that of William Nichol- 
.son ( ITS.*} 1815), an inventor, and one of tlie first .scientific journalists. 
In 17H.5 he publi.shed a paper <ni his new instrument for nK'asuring 
tlie specific gra\ ity of solid l)odies. This type of instrument is made 
of brass or tin-plate, and usually has a cylindrical body with conical 
ends. Ik'Iovv whicli hangs a cup. and above is a tliin rod supporting a 
flat pan ~J2\~_ The instrument is floated and weights placed in the pan 
.so that a mark on the stem matches the level of liquid. If a solid is 
to be measured, tiien distilled water is used, and the .solid put in the 
{>an together with appropriate weights to float the whole to the mark. 
"I'hen the solid is put into the cup at the bottom, and weights added 
lo the pan to float to the niark again. It is then |H>ssible to c^ilculate 
the specific gravity of the specimen. 'Hie Nichol.son hydnmieter was 
also adapted for special purposes, an example bt>ing Bate s gravimeter. 
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l^'i I ' . 'IIk' \ irholson liydrt)mfter in use : 
IfJ't, I rvstal ill air, right, m stal in tlic liquid, 
c. \Hm.l)fschanel,l>. tirt. 




^22" (Jmup of floats for measuring specific 

gravities orii<]uids. l^ft lo right : for S.(t. 

below 1 ( lengtii ."i I ■2 mm ) ; sigiK-d : 

T mcnson is' .Merier, iMidnn ( length 

2}K» mm ) ". Nicholson's hvtlrometer in hrass 

(length IHO mm ) ; sigm-d: C. liaktr, iiH 

High Hollmrii ( lengtli '2 hS mm ) ; for heavy 

liquids ( length 'jO'i mm). 

IjH- l.'»tlueniurv- Musrum the History of 

Science. 
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~23j Set of 'spirit beads" or 'philosophical 
bubbles", sipiuil: MA OK BY JOHN 
G.M.1.ETTI, . . . 'J » Argyll Arcade, 
Cilasgow. 'Ilie fitu-eii glass Ix-ad.s, each with 
a short stalk, are so weighted that they 
neither rise nor sink w hen in the liquid that 
exactly matches their (wrticular calibration, 
thus indicating the degree of proofspirit 
John CJalletti was at the ( ilasgow address 
from IWl to is,w Casi dianieterH" nun. 
I^te 19th century Musfumof ihe History of 
Science ( chein. ."ilfi ) . 



Another variation on the mcasuretnent of sixfitic gravity is the ' Phil- 
osophical Beads', wliicli operate in the same way as for testirjg eggs, 
which sink in water when new, and w ill float when old, because made 
lighter by enclosed gas. llie use of glass iK-ad.s w as invented in about 
17i7 by Alexander Wilson ( ITI l^Htt), and a niethml for their calil>- 
ration was jKitented in \H0.') by Isabcll I>ovi: Apparatus tor determin- 
ing the specific gravity of fluid bodies*. Tlic beads were supplieil in 
sets, to cover a range of s[X'ciHc gra\ ities for a prticular tem|)erature 
"'i.")'. 'llie bead that did not sink or float matched the liquid, and so 
indicated the degree of proof spirit (a measure of the alcohol content). 
Curiously enough, beads of exactly the same shape, and working on 
tlie same princijile. were used to itieasiirc temperature by the Accademia 
del Cinieiito in I'loren« ei l<i>><i 



ra+I I'rade label of J. I). Potter, :i 1 
I'oultry. I.,i>ndon, who also claimed he was a 
suct-esst)r of H.B, Bate, w ho died in IH4.'j. 
Mid-l.">thcentury Science Museum 
( f>holoffrj/>Ji (iflfijGH ). 
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6 • Pneumatics 



Pneumatic Ks: the doctrine and experitaents of the gniritation atidfiret- 

sure elastiek and amfirmitie fluids, especially the air. 

P\ F r >r A T I < ■ F V c I v E : </;/ instrument commonly called an air-pun^, toed 

to shezv the seivral properties of the air. 

A New Getter^ Ei^tish Dktmury ( 1 760) 



In tlic niodeni d'utiDiKirx Pmiimatics is (IcstritM'cl as: 'that hranrh of 
physics which deals w itii the iDcchatiical properties of air, or other elas- 
tic fluids or gases' (Oxford English Dictionary ). Both these very simi- 
lar definitions bear out the blurred nature of any di\ isiuns made 
U'twcon nicchaiiics. hvilmstatics and pnt'iiniatio. Tins is jiarticularly 
tile case with Itydrostatics and pneumatics sance matter in tlie Huid stale 
comprises both liquids and gases. As has already been noted in the 
chapter on hydrostatics, the Pneumatics i>f Hero of Alexandria is con- 
cerned almost exclusively with liquids. The important book published 
in 1657 by Kaspar Scfaott under the title Mechaniea HydrauUco-Pneuma- 
tka emphasizes that studies of the tx'haviour of Ixtth liquids and gues, 
as Well as of solid Ixulirs, are liraiulifs of tnetlum!< s 

Tlie controversy over wljether there can be sucli a thing as a vacuum 
dates from Greek times. Aristotle believed that a vacuum was a contra- 
diction in logic, and tliis was transformed by die medieval schoolmen 
into tlu- rclipious Ix-lii-f that a vacuum was unnatural. During the 
Kenaissance, tliere was debate between tliose wlio supported and tliose 
who opposed Aristode's argument, Galileo being among the latter. 
TIk- iiIieiionK'Hon that in a sm tion pump the water does not rise above 
a certain point (calculated to be about nine metres) was observed by 
Florentine well-diggers, and to explain this, Galileo advanced the 
hypothesis of a fori e capable of balancing a column of water of a given 
height; this he described as 'the force of vacuum' (See also Chapter 
5). 

These were the preliminaries to the invention, in 1644, of the first 
instrument to gi\ e the exact measure of the pressure of the atmosphere; 
this, at the same time, established the existence of a \ acuutii. The man 
responsible for the invention of the barometer was Evangclista Torri- 
celli ( 1608-47), whose letters on his experiments with a column of 
mercury were drculated first among Italian scientists, and then 
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j^l J Magdeburg hemispheres being put to 
the test. c. lH9ii. A. Cianut, Natural 
Philosophy, p. 




throughout the rest of Europe, giving rise to much experimental and 
theoretical acti\ ity. 

About ten years later, another key experiment was |5ed"omied by 
the Biirgcrtneister of Magdeburg in Germany, Otto von Guerickc 
(lfi02-86). He constructed two large iron hemispheres which were 
butted together, after which the air between them was pum|K-d out. 
Teams of horses were then used to pull tlie two halves apart against 
the force of air pressure. This exjx'rimetu was described in lh\'57 by 
Kaspar S«ljott in his Iwok, Mechanica Ilydrauhco-Pneumatica, already 
referred to above, and became a standard demonstration, using small, 
brass hemispheres ^I'l- This was the basic |>neumatical ex{x.Timent, 
to show the existerice of a vacuum through the operation of air pressure. 

Schoti's book, and the Magdeburg hemisphere experiment, 
influeni-ed Robert Boyle ( I6'27-«>1 ) to begin "the making of Pneumati- 
cal tryals', as he put it. At Oxford, Boyle, with Koliert Hooke as his 
assistant, made the first successful air-pump, which Boyle described in 
his A'«t Experiments Phymo-Mechanicall, Touching the Spring of the 
Air and its Effects ( 16'60), and whicli H<H)ke illustrated in his Microgra- 
phia ( 1665). By the beginning of the eightecntli century, Ilauksbee's 
double-barrel air-pump was the established model in Kngland, though 
in Holland, the larger, single-barrel piiern of Jan van Musschenbroek, 
first made in \ was preferred. 

Boyle's work on the physics of gases, their volume, pressure and 
conductivity, gave rise to the famous, and currently taught Boyle's law: 
PV = a constant. It has since been discovered that there are variants 
unless a constant temperature is maintainetl, but the Ijw still holds 
good, Pnemiiatic chemistry produced two important instruments, the 
eudiometer (see Chapter li2), and the hydrometer (see Chapter ."i). 
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Kngraving to show the methwl 
weighing air. A glass glolx.- with a stop- 
cock iscvaruati'd liy an air-piinipatui then 
weighftl on a balanic. 'Hit' Nto{)-ciifk is 
opened and tlie air fills the globe, bringing 
the balance down on that side. I'ntil the 
iniddle i)t'the si-\'ente«'ntluentur_v it v^as 
thought that air ha<l no weight. 
C-. IKHO. Tissandirr.p. .JO. 



At the very begiiinittg of the tiineteenth cettturv, the mediajl appli- 
cations of gases were investigated, notably by Tlionias Beddoes 
{ i7«()-i«()h), who lecturctl on chemistry at Oxford in the l7}H)s. In 
179K he established a Pneumatic Institution at Clifton, near Bristol, 
for treating v arious diseases by the administration of gases. This type 
of treatment enjoyed a brief vogue, but the Institution's chief claim 
to lasting fame is that in I8(H, it provided employment for a young 
man of 1.9, named Humphry Davy. It has been said of Beddoes that 
the di.scovery of Davy was liis most important contribution to science. 

The development of the air-|iumptiuring the eighteenth century was 
largely in mechanical improvements, such as better piston seals of 
leather and wax, at)d more efficient val\es. The original ov erall design 
changetl little over two centuries for use in teaching, though ditterent 
technii|ues were being develoj)ed for use in research laboratories to- 
wards the end of the nineteenth century; these included diffusiott and 
rotary pumps, electrically driven. 

The Air-Puml> 

At the begiiuiing of the nineteenth century, the commonly used air- 
pump was tlie double-barrelled table model, which has brass clamps 
to fix it to a table top. In other res|Krts it was similar to the Ilauksbee 
design, though njodified in nuH-hanical details by Davenport, Smeaton, 
Cavallo and Haas in the previous century. The ]niin|) by l{tnjan»in 
Messer of I .ondon ~.'r, dating from about IH1.">, is typical, and it may 
be compared with other, later instruments [[l-j and witli the version 
advertised by J. J. (tritfin & Co. in about l.')00 ~J~_. Here there is the 
additional horizontal, single barrel of the Tate pump, which is capable 
ol reaching a U>wer pressure than the double-barrelled |)umi>. 

It nmst be explained how pressure in a vacuum is designated. It is 
compared with the air pressure, which is taken to lie standard at 76"0 
millimetres of mercury the height of the barometer. Consequently, 
a reading of 10 mm signifies the height of the mercury column that 
is supjxirteil by the pressure of the air under the Ix-ll-jar, or in the 
vessel that has l)een exhausted. 

It was customary to measure using a mercury manometer, which 
is tap{X'd into the pipe leading from the bell-jar to the pump. The man- 
ometer is like a small barometer tube, and is in the form of a l", do.sed 
at one end and ojx'n at the other. .\\ the Ix-ginning of an eXjKTimetit, 
the air pressure forces the mercury to the closed end t>f the tube. L'nder 
reducing pressure, the mercury falls, because the perfect v acuum in the 
closed end is being matched by the vacuum that is created in the open 
end. 'i he difference in level between the two mercury columns gives 
the measure of the degree of vacuum. 

There is always a limit to the vacuum, conditione<l by the design 
of the apparatus: leakage from the valves, the pistons, the seating of 
the bell-jar: dead space at the lx>iiom of the piston; and, in particular, 
the lubricating oil, which ha.s a density of its own, and can contain 




la'^ Two-pump model adx criisitl by J.J 
(»riffin it Co. at the oiid of thu iiineteciith 
fi-riiury. At thr bai k is ;i conventional 
double-barrel pump, and lying horizontally 
is a 'late pump, which will achieve u higher 
vacuum. TIk' iH-ll-jar has a manipulator rod 
pa.ssing through a .stuffing-box in the brass 
disk.r-. l.'MH). Griffin, f>. .flo. 



Qs] Double-barrelled air-pump, .signed: MEssER Minories LONDON. 
Tlierc arc two plates, one tor a Ijell-jar ( shown ) and one for a glass cylinder. 
Benjamin Messcr was at Wapping in the iT'JOs, and at ifiH Minories from 
I K lO to 1 Base .^l.'t x ii;V2 mm ; height .IK) mm ; diameter of plates, 
lf>0 nmi, 78 mni- 

c. I Hi.-). H'htppU Mumim ( ; iff 19 ). 

\jtl Double-lwrrelled air-pump, .signed; fll. \OE Const rurlfur Rue 
linthollel, H, Paris. Mercury pressure gauge, and glaxed receiver i>late. 'Ila' 
pistons are in glass cylinders, a |>ractice fretjuently emjjloyetl in I-'rench air- 
pumps. Charles Noe founded liis Hnn in 1 xiil, and it continuiil into the next 
century. Plate diameter I To nun: overall height :\-i'> mm. 
c. I K70. Musfum of the History o/Safmr ( 7» » ) . 

absorlMci air and water va|X)ur. .\ po«xl doiiblc-barrellctl pump of about 
1*X)<) could give a vacuum of lo mm. Since the Britisli .Standards 

liKstitution has adopted liie unit named llie 'tc)rr', which wa.s u.sed in 
( ieniiar>y for many years befi>re this date. The word derives fr«>m Torri- 
celli, and conmiemorates hi.s dlMovery "f tlie barometer. In fact, the 
word, torr, merely replaced the longer exiires.sion, millimetres of nter- 
cury. Thus, a -standard atmosphere, by definition, has a pressure of 76'0 
t<»rr. 

In tile (ireat Kxhibition at the Crystal Palace of there were 
tiine Britisli e.xliibitors {>f air-pumps, two French, and one DanisI). 'I liis 
was a .small group taking up only one page in the Rcjx>rts of the Juries, 
a fact that wa.s 'regretted'. The best pump wa.s tbouglit to be that .shown 



lOO • NINETEENTH-LENTLRY SCIENTIFIC INSTRUMENTS 




C'li Single-barrel air-pump, signed: H. OLLAND UTRECHT . Afloor- 
mountcd model, with a loiip lover, rack ami tjuarter pinion to move the piston 
atitl linkage w the \ al\ e. The ni'eiver plate has a glass suriate. H. Olland 
( 1 825 1 90 1 ) started a factory in 1 862 at Utrecht. Table top 522 x .S I O mm ; 
overall height 970 mm : plate diameter SOS mm. 
c. IHTA. TryltT s Museum ( I'J-t ). 

by John NewniatJ, ItJ'i Regent Street, London, which conihined a nor- 
mal double-barrelled pump, capable of exhau.sting to 10 mm, and a 
."Jingle barrel with an oil cistern a.s the up|X'r part. When thi.s pump 
took oxer, it was considered that the pressure could be brought as low 
as mm. The plate on this pump was ot ground glass to avoid damage 
from sulphuric acid. Newman received a Council Medal for the instru- 
nieiil. 
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A Prize Medal went to \\ utkins & Hill, 5 Charing Cross, lA)ndon, 
for their double-barrelled air-|ninip, which had oiled-silk valves, and 
conical pistons. Honourablt- Mention was awarded to Georpe ^'eates, 
£ Grafton Strct-t, Dublin, and to Julius Nisseii of CoiK'nliairt t;, who 
exhibited a double-acting single-barrel air-pump 'ot an ingenious con- 
struction'. Deleuil of Paris showed a double-barrelled pump with glass 
cylinders follow ing the principles of Jacques Babiiiet ( 1 79-1- 1 872 ) , the 
valves being opened by wires passing through the pistons. This meant 
that the valves would open even when the pressure in the vessel was 
very low. The machine was thought capable of reaching 1 mm in 
pressure. 

Thomas Turner Tate ( IbO" 88), a teacher of engineering and men- 
suration, invented in 1 S56 his pattern of double piston air-pump which 
oould achieve higher degrees of vacuum [^8^. The design was first ( oii- 
structed by the firm of Ciritliii under the super\ isioti of Tate Tlu' earlier 
pumps work easily at the beginning ol the exhaustion jjrocess, but liiey 
become progressively harder to crank against the air pressure on the 
outside of the piston, which is felt the more as the vacuum Increases 
With Tate's double piston pump, the contrary effect is produced. At 
first the resistance is great, but after a few strokes, the action becomes 
easy, because the atmosphere is cut off from the pistons by the valves 
at thi> ends of the barrel. A Tair pump in good condition is capable 
ot creating a vacuum oi'S nmi pressure. 

The douUe-barrel was so designed to maintain suction when one 
piston was on the return stroke, but this can be done in another way 

with ju.st one barrel, as liail bi cti llie case witli water pumps (see 
Chapters). Witli a hollow piston rod and a valve in the piston, and 
interconnecting valves at each end of the cylinder tiut leads to the bell- 

jar, a continuous evacuation is jvtssihie with one cylinder. This is the 
mode of action in the Biandu air-pump, which is made in cast iron. 



Tate double-action air-pump, which 
oantains two pistons in one barrel. Air is 
taken in from the receiver in the middle ind 

jsex[x-lled at the cxtreniities of tlie barrel. 
It wa.s fir.st de.si rilHtl by Tlionia.s Tate in 
1856. 

c. 1800. GriffiM,f- 316. 
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Tl«' i vliridtT is pivoted at the bottom, and it oscillates, followidg the 
motion ofthe crank ~9J. 

An ingenious variant of the Bianchi pump depends on precise engi- 
neering, and on knowing the physics of gases. A gas forms a very thin 
molecular layer round any s«)lid, and it is difticuit to move the gas in 
this layer. This principle was used in his mcxlitication of the Bianchi 
pump by I- J. Deleuil, who published his free-piston pump in 1S65 
2lo". Deleuil, son of tile ft)under of a Parisian instrumeiit-niakitig firm, 

had pri-niisos at ft Hue- ilti I'ont lf-Ix>cli, Paris, antl af-id at 7 Altln»rpc 

Street, Gray's Inn I^ne, Ix>ndon. In his pump, a long metal piston 
had grooves cut in the side, and moved in its cylinder without touchitjg. 




[^lOj Dclcuil-type. single-barrel, free 
piston air-pump, inventitl in I Hd.'i. A verj' 
thin air fihn .sf|)aratrs the |)iston from the 
glass cylinder, c. IK70. DewlMnel, p. liOl, 
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[I I" Kk'us.s pattern liydraulic air-pump, 
using a special oil ot'low vafioiir pressure. 
Ill addition to the receiver plate, is a side 
tube with a Magdeiiiirp hemisphere 
exjxTiment attached, liase «oo x .S50 mm 
c. 1900. PrmiletoJIrcfion. 





Q I !• h iiss pattern air-pump, as 
advertised l>y J.J. (Jritfin C'o.r, 190O. 
GriJ/in.p. .tSI. 



the gap belvMcn the walls and the piston l>ting only (t.<>'i"i mm. 'Iliis 
avoided using lubricating oil, which It^ell limits liic vacuum ubtainablf, 
through moisture and its own vafxuir pressure. 

A conjpletely new way of constructing an air-pump came at the iiul 
ol the ivntury, with the development ol a special oil which was pure, 
dry, and bad a lower vapour pressure. In this puu-iit vacuum pump, 
devised by H. A. FIcuss, the pi.ston worked in oil, with all joints «>il- 
.sealeti, and the \alves moved meihanically, so that the air rtneived m»» 
r<"sistance Til I'ij. The oil obviates the clearance sjiace Ix-tween the 
bottom ot the piston and the base of the cylinder, a dead space that 
had always been a limiting factor in the degree i)f vacuum obtainable. 
Such a pump could achieve a \ acuiun of(>..4 mm of mercury. 

A non-mechanical vacuum jjumj) was invented by the glassblower 
and mechanic to the L'niversitv of Bonn, Johann Heinrich Wilhelm 
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3j Non-merhanical air-pump using 
mercury, invented by j.H.W. Geissler 
(1815-79) in \ H5!i. It gave a high vacuum 
in small glass vessels, c. 1 870. Tkschantl, 

p. I9(i. 

^14^ Mennry air-pump, invented in MidH 
by M. J. P. Sprengel ( 1 831- 1 JK>6' ) . It gave 
an extremely high vacuum to a small 
volume. f. \mo.Dtschanel,p. lf*~. 




Gcisslcr (1815-79) for experiments on electric discharges in gases. 
He wanted a high degree ol vacuum in a small glass tube, so speed 
of" action was not as important as the low pressure. The Geissler pump 
uses mercury, and produces a vacuum in the manner of the original 
Torricellian experiment. The apparatus is of gla.ss and rubber tub- 
ing Ll^]- By manipulating the stop-cocks, and by raising and lowering 
a long column of mercury in the rubber tube, it is possible to create 
a good vacuum in a .small gla.ss ve.s.sel, perhaps O. I mm of mercury. 
The work was begun in 1855, and the pump was shown to the public 
in 1858. 

An improvement on tlie Geissler pump was made in 1865 by Her- 
mann Johann Philipp Sprengel ( 1834--1906). Originally from Heidel- 
berg, Sprengel became a naturalized British subject, and worked in the 
Royal College of Chemistry from 1 86a ; he became a Fellow of the 
Royal Society in 1 878. In this design, a column of mercury is constantly 
falling in a narrow tube from a funnel to a flask, from which it is tapped 
into a bowl so that it may be poured into the funnel again ^l+I- At 
the side of the down tube is attached the vessel in which the vacuum 
is to be created. As the mercury falls in the tube it traps some of the 
air from the side tube and carries it down. As the process continues, 
the portions of trapped air get smaller and smaller until the mercury 
column is continuous, when the process is stopped, leaving a very good 
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^ 1 52 Sprengel mercurj' air-pump, sij^ned : 
ALVERONI ATfrorcs PARIS 10, RUK DE 
LA SOR BON N' E. Serial number stamped in 
wood: .59. After use in the laboratory of" the 
Duke of Marlborough at Blenheim Palacv, 
Oxfordshire, it was given in 18»a to the 
Clarendon I^iboratorj'. Oxford. The 
AK ergnlat brothers founded their firm in 
1 H.W : in I H90 it |>a.s.sed to Victor Cliabaud. 
Height I ,?> J.i mm ; width .560 mm. 
f. 1885. Musfum of the History of Sciencf 
(HJi-I.H). 



vacuum in the vessel, perhaps O.CXX)6' mm of mercury. Commercial ver- 
sions were sooti made for use in research laboratories A model 
that proved rapid and effective in the laboratory was the rotarj- mercury 
pump invetited in 1.905 by Wolfgang Gaede ( 1878-1945). 

Exhausting and Condensing Syringes 

From Hauksbee's time there have been tlie single-barrelled hand pumps 
that look somewhat like bicycle pumps QlfiJ. They are called syringes, 
are usually made in brass, and can be made to extract air from a vcs.sel, 
or to pump it up; the latter type are called pressure syringes. Sucli 
a one is used with an air-gun a demonstration ]>iece that is illu- 

strated in Desagulier's te.vtbook of 1744, and was still advertised by 
Ducretet in ISy.S. When one of these syringes is mounted on a small 
baseboard, and connected to a plate with a bell-jar, it is called a single- 
barrel air-pump. These were used for simple experiments, such as the 
bladder and weight (.see below). 

Air-Pump Accessories 

air-pump can be made to conden.se air inside a vessel, a condition 
achieved by the valve system. Naturally, the vessel has to Ik* held firmly 
on to the base plate, so special clamps arc required to grip the vessel 
to the base plate, or a stout piece of wood is .screwed down on to the 
vessel by tunibuttons on side pillars "18". 

During the seventeenth and eighteenth centuries a number of stan- 
dard demonstrations were devised to explain the properties of air. One 
was to put an animal under the bell-jar to .show that it needs air to 



[^IGj Small air-pump with a suction 
syringe to one side. Plate diameter 106 
mm : height to top of handle U.so mm. 
f. I H90. Musmm of the History of Science. 
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C 1 7j Air-gun, whcrv tlic iron stwk tortus 
thf pres.surt'rlianiber. The Ixarrel is 
unstTC'wed from thf stock and a pressure 
syrinpc substituted to "charge" tlie pun. 
With the barrel replaced, a pellet is fired by 
a merhanism simulating a Hint-lock. 1 H74. 
Gutllemin.fi. 70. 




stay alive (tlic animals were usually revived after becoming uncons- 
cious). The iiitu'teeiith century did not continue with tliis exfierinient, 
but many others became established, and continued into the twentietii 
century. Some of these classical experiments were as follows: 
Magdeburg Hemtspheres The oldest of all, this ex|X'riment has already 
been described above. A variation is to put the pair under a jar and 
then to compress the air around it. It is possible to pull the spheres 
by rods passing tlirough seals, to show that it is the difference in pres- 
sure inside and outside the spheres that holds them together. 



■ 



Ll 8]] Pressure vessel, with condensiiig 
syringe to otie .side. The woikIcu bar and 
screws kee[) tfie lid on the glass vessel. The 
base has lost its name plate, hut the 
apparatus was made by Naime in I.ondon. 
liase kio X Mo<i mm ; height .ooo nmi. 
r. IKIK). Mmff d'llisloire dfa Sdfnifs 
(iHti). 
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^ 1 9" f iroup oracccssories for 
denion.stration.s with an air-pump. Back 
roil , left to right : burst bladdi-r, bladder and 
weight, glass cyhndrical receiver ( height 
+43 rum ) with lirass manipulator, single 
transfer plate (diameter Id.'i mm), three 
glass globes ( height .ISO mm ), single 
Magdeburg hemispJiere. candlestick, cup. 
Front ro7«', left to right . jet nozzle for 
tbunt.'iin. bell, porous cup for mercury 
shower, fire-piston, Magdeburg 
hemispheres ( length ■2'22 nuti, diatueter 
H2 mm ) . 

This last is c. l S50; all the rest belong to a 
kite. Ii»0t>. MusfumoJ thf History oj Sarnce 
(Ha-H). 




Hurst Hladder A cylinder of glass is placed on the plate of an air-pump, 
and a bladder, or rublwr sheet, is stretched and firmly attached to the 
top. As the air is removed the membrane dips inwards, and then bursts 
with a bang. 

Fountain in Vacuo A small glass jar is fixed to a brass base which 
has a sto{>-e(Kk so that tiic jar can be evacuated. Inside is a jet tube, 
so that when the entry tuln' is put under water, and the ctKk turned, 
water is sucked itJ and a fountain is displayed. 

Guinea and Feather 'Iliis e.vperinient is descriljed and illustrated in 
Chapter It siiows tiie law of fall, but needs a vacuum for the purixise. 
Bladder and ff eight A brass frame supports the weights that sit on 
a deflated bladder. I'nder the vacuum the residual air in the bladder 
exiwnds and lifts up the weights. 

Mercury Shouer M the top of a glass cylinder is attached a disk with 
a rod of lx>xwood inserted through it. Above is a wotKleti cup which 
is filled w ith mercurj'. The \acuuni below pulls the mercury through 
the fx)res in the woi>d, .so making a fine shower of the liquid metal. 
Hf/l A iiia»ipid:it<>r .sealed into a diKk at the top of a g^lass rylindor 
can be u.sed to agitate a small b<-ll. As tlu- vacuum iiicn-ases, the sound 
of the Ik-U decreases, till it catuiot be heard, show ing that sound needs 
air for transmission. 

'I'hree Ghss Globes These are cotHiected vertically by copjjer tubes 
so that the pressure of the atmosphere is made to force water up from 
the bottom globe into the t»)p one. In preparation, the bottom globe 
is half-filled with water, and the apparatus is placed under a iiell-jar 
which is evacuated. Air is sucked out of the middle and top globes, 
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[20~ Apparatus for frecz itig carafi-s of 
water. Water boils ui)(ier greatly reduced 
pressure at iiormal temperatures. In 
changing state from liquid to gaseous 
zcitbout an external heat source, the water 
cools and freezes. Sulphuric acid is nei>ded 
to absorb the water va|H>ur. which is drawn 
into the rcsers oir that contains the acid. 
c. 1880. Tissandifr.p. US. 




and the water enters the middle one. When air is let into the bell-jar 
the water rises into the top globe. 

Freezing ff 'ater A dish of water is placed under a bell-jar, and as the 
pressure is reduced, there conies a point when the water will boil. Tlie 
boiling point is reached at a given temperature, when the saturatetl 
v apour pressure equals the atmospheric pressure. Iliis change of state 
from liquid to gaseous requires heat, wliich is taken from the latent 
heat in the water, to such a point that the remaining water w ill freeze. 

Industrial and Commercial Applications 

Besides the use of the air-pump in the laboratory' and for teaching, there 
are several industrial applications that developed during the nineteenth 
century. Compression pumps force carbon dioxide into water to make 
soda water and other fizzy drinks. 'l"he air-pump is u.sed by sugar 
refiners to lower the boiling point of the syrup. Compression or suction 
can be used to operate despatch tubes, in large .shops with centralized 
accounts offices, llie atmospheric railway, on the same principle, was 
attempted in Kngland and France, but the practical difficulties of keep- 
ing a vacuum .seal precluded success. Vacuum and coni]>rcssion brakes 
were introducied for greater safety on railway trains. Compressed air 
is u.sed in cai.ssons under water, so that foundations t>f bridges can be 
dug (see Chapter.")), and is also used in iron works to supply air to 
furnaces. In the late ISHOs, the carbon filament electric lamps of Kdison 
and Swan required the use of air-pumps. Such industries provided the 
economic impetus for the developmetit of new , faster pumps, the rotary 
oil pump being one. 
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One of the most important events in the history of nineteenth-century ptysi- 
cal science was the emergrme, in thf Lite I HJSOs, o/* a wMfomdedand 
generally acceptable kinetic theory 0/ gases. 

Robert Fox ( 1971 ) 



UKA I AND CASES 

The study of tlieuries ol heat is intimately iiivulved with the study of 
gases. A key experiment is that of Joseph Black (17S8-99), who 
showed, in his thesis of 1 7.'<4, liou fixed air' (i.e. carbon dioxide ) was 
rt'k-asi'd w hen niapfiesia alba f basic niai;iifsiuni farlH)nate) wa.s heated. 
Black's experiment was given added importance by his use of tlie 
balance to make his results quantitative. Soon after diis identification 
many other common gases \wtc isnj.uril and identified, by Henry 
Cavendish (1731 1810), Joseph I'nestley ( IT.SS- 18tH), and Carl 
Wilhelm Schecle (I748-86) of Sweden. Oxygen was discovered in 
1773 by Scheele, and in 1774, independently, by Friestiey. There thus 
arose a braiuh ot si iencc known as pneumatic (lu-niistrN . In order to 
collect the gases given oH, I'rie.stlcy invented the pneumatic trough' 
throufrh which the glass tubing cuuld pass the gas into a ^lass collector 
sealeci !a tlu' nu n ury or other liquid in the trougi I't ii stlcy also 
devised a lonjr. graduated measuring tube to collect and test tiie r)iiality 
ot the gases, tor exaniple, exhaled air, or gas over con)bustcd material. 
The tube was named a eudiometer (Greek: measure of goodness), and 
the branih of science involving its use is known as eudiometry (see 
abo Chapter lii ). 

The discovery of oxygen led Antoine Laurent Lavoisier ( 174S-»4) 
to propose a new tfieory of combustion, which was to diive out the 

pblopiston thfory thnt p<istiil.Tfe(! bc.Tt ns .t kind of suHst.Tiicc or 'princi- 
ple' contained in bodies (see also Chapter li). To Lavoisier we owe 
die first useful interpretation of combustion, and of oxidation, his argu- 
ments beinp based on quantitative experiments of novelty and elegance. 
He completely disproved the i)h!ogi.ston theory, which died away dur- 
ing the early years ot the luneteenth century along with its now aged 
advocates. 

()h\'iowslv, the newly discoxfred pa.ses had theriTKi! pro[ierries ;luit 
had to be measured: the way they expanded witit heat, temperature 
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changes when they were allowed tu tuntract ur expand. Oikx again 
we must go back to Joseph Black of Glasgow University, who proposed, 
in about 1 Tfi'O, tlif t oncept of sjKvifii lieat, which he called heat capacity. 
Six-cific heat is defined as the heat re<iuired to raise the temperature 
of a unit mass of a substance through one degree of temperature. There 
are two measures of the specific heat of gases, one with the pressure 
constant (C,>), otrc w itli the \oluiiic ri)r)st;iiU (Cv ). 

Soon alter this Black proposed tlie concept at latent heat. I'his is 
the heat taken in, or given out, when a body changes state, that is 
changes from gaseous to liquid, or liquid to solid (or the reverse). 
The heat is transferred to chanfje the state, but tlie temperature does 
not change. For example, ice turns to water at o C (at normal pres- 
sure), with a take-up oflatent heat. This enooun^jed the idea that heat 
was a material substance that could enter into a sort of chemical combi- 
nation w ith matter, not detecuble by the thermometer, and so termed 
'latent'. 

Before 1 800 Utl]e work was done on the thenna] properties of gases, 

hut in 1S0^2 joli!) Dahoti (17W»' 1844) piil)lislu'tl his results on nine 
gases, which showed that for a particular temperature rise, all gases 
expand the same amotmt, the external pressure remainbig the same. 

Curiously, the identical cum Uision w.is rcachetl anil puhliahed at the 
same time in France h\ |()sei>li Louis Ciay-Lussac (17TH IH'iO), 
another example ot independent di.scovery. 'l o these e.vperinients on 
the expmBi<ni oS gases by heat may be added the com|deinentary ones 
on the sudden expansion or sudden compression of a gas, the process 
being known as adiabatic heating (adialiatic. from Greek: impassable). 
The point is tliat tlie process is so rapid that the change in volume 
■nd prcMure occurs without the time neceasary to exchange heat widi 
the surround ings. 

It was noticed on a number ol occasions that the jet on a cylinder 
containing compressed air becomes cold when the air is released. So 
by 1800, with new theories and new instruments, the phenomenon w a.s 
Ix'ing in\ estimated to more purpose, and in 1S()2 Daltoii publisht tl in 
Manchester his paper 'Experiments and obser\ations on the heat and 
cold produced by the metJumical condensation and rare&ction of air*. 

\ curious afiplication of the sudden compression of air is the fire 
syringe, or fire piston [^1^. The eflect on which it is based was discov- 
ered aoddentally 1^ a workman in the armoury in St £tienne in 1802. 

Two fire syringes, or fire pistons. 
Abnr, with glass barrel, the Dumotlez 
pattern, first made in 1 Ko.'. ; Mtru , all lirass, 
tlie Dubois pattern, patented in 1 80ti. The 
latter ia unusual in having s turncock to 
reveal the glowing tinder, whkh is ignited 
by ramming the piston home hard. 
Early I9thcentiny. Tt^'s Mtuam ( SOS, 
ao9). 




wi_,|^y lighted nia.uiiui 
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\j2'2 Calleiidar's apjKiratus for measuring 
the mechanical equivalent of lieat. The 
cylitulrii"al i-alorinictiT, on a liori/.uiital 
axis, contains a known (|uantity ofwattT 
which is heated by friction. 'Hie frictional 
heating occurs when the cylinder is rotated 
against the weighted silk In-lt. Advertised 
by the Cambridge Si-ientific Instrument Co 
Ltd. I lugh Longbourne Callendar 
( ISft.l-lfWO} establi.shed the platinum 
resistance thermometer as a new standard 
of accuracy, and the thermodynamic 
pro|iiTtifs of steam. < . 1 fKnJ. 



He noticed that a piece of linen stuck in the exit tuk- of an air gun 
caught lire. The eflect was communicated to the Academic at Lyons 
on 29 December 1802, by Joseph Mollet, professor of pliysics at tlic 
Ecole Centrale in Lyons. The device is a tube of brass, or of thick glass 
for demonstration purpo.ses, with a clo.sely fitting piston some K to 
I'i mm in diameter. When the piston is rammed down its tul)e the air 
is compressed so fast that it heats up to the point of igniting tinder. 
Commercial jiroduction of tlie fire syringe (briquet jMieumaticjue) was 
started by tlie I'arisian firm of Dumotiez in 1805, and it is thought 
that these instruments were similar to the one patented in I^uidon by 
Richard Ixirenz on 5 February 1K07, 'to produce instantaneous hght 
and itistantaneous fire'. A brass fire syringe with a tunictn-k at the end 
was patented in IHiHi by Dubois of Lyons. The tinder was ignited and 
the end turned to reveal the fire, a process for getting the tire quickly, 
su|K'rn)r to earlier tnmlel.s. In glass or brass, large or small, such syr- 
inges were established as demonstration pieces well into the twetitieth 
century: one in an air-jniinp kit is shown in Chapter f>. plate 19. It 
is interesting to note that the diesel engine achieves ignition by com- 
pression of the fuel in the cylinder, and that its inventor, Rudolph Chris- 
tian Karl Diesel ( iH.'iK-iyso), w ho made his first engine in 1S97, was 
inspired by a lecture-demonstration of the fire-piston. 

THE CALORIC THEORY 

The theory of heat that dominated the first half of the nineteenth cen- 
tury was named the caloric' theory. In gases, the jwrtides were said 
to be stationary, and repulsive forces w ere thought to keep them in place. 
The repulsive forces were brought about by a material w hich was con- 
sidered as a weightless, highly elastic heat fluid, know n as caloric. Dur- 
ing the early years, this material theory of heat was w idely acxepted, 
though there were notable critics, such as Hun>phry Davy. Indeed, the 
third edition of the Emythpardia Rrilannua published in Kdinburgh 
in 1797 said that heat "is ahnost ut)i\er.sally believed to be the effect 
of a fluid". In this analogy one probably sees the influemv of the "fluid" 
theories of electric charge that had grown around the Leyden jar. 

It is impossible to go into detail here on the development and over- 
throw of the caloric theory, but one at least of its leading supporters 
must be tnentioned. Taking his inspiration front engineering rather 
than physics, and in particular from steam engines, Nicolas Ixonard 
Sadi Carnot ( 17;»(> ix;52) was the first to show, in a work pul)lisl)etl 
in 1K'J4. the relationship Ix-twx-en heat anil mechanical energy. K<»r this 
he proposed a cycle of operations in an ideal heat engine, with its com- 
pression and expansion strokes. He was led to the concvpt of what 
became called the Carnot cycle, where the energy iti a ck>se«.l cycle of 
ofxrations could be calculated. Although his premises based on caloric 
were faulty, he was correct in his conclusions, and so became the founder 
of modern thennodynamics. II is principles developed into the second 
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[JQ The ring and ball of 's Gravesande. 
When hot, the ball will not |>a.s.s through 
the ring. Height aw) mm ; hall diameter 
29 mm. 

c. laoo. Private coUettion. 



law of themiodynamics, that heat can never pass from a colder to a 
hotter body. 

Ciradually, the concept of energy, or work, began to emerge, and 
Thomas Young ( 1773- 182.9) first used the term energy to refer to 
the capacity for doing work of a moving body- Eventually, during the 
decade 1840-50, there were performed a series of experiments that 
established the nature of heat. The experimenter was James Prescott 
Joule (1818-89), who had been a pupil of Dalton. One of his most 
famous pieces of apparatus is the calorimeter of copper, w ith rotating 
and fixed vanes inside, intended to be filled with water. The energy 
to drive the vanes was provided by falling weights, and so was calcu- 
lated. The temperature of the water rose because work was done in 
resisting the vanes. The temperature rise was so small that the ther- 
mometers, made by Dancer of Manchester, could read to 1/IOOth of 
a degree. The outcome, given in a lecture in 1847, was the statement 
of the mechanical equivalent of heat as the number of units of work 
required to produce one unit of heat. In later years it was rcali/.t-d that 
Joule's experiments had given the first reliable evidence of the priiR-iple 
of the conserxation of energy, a most profound law of modem physics. 

James Clerk Maxwell ( 1831-79), in his paper 'Illustrations of the 
Dynamical llieory of Gases' ( 18fiO) gave a statistical formula for the 
distribution of velocities in a gas. Statistics had been used before for 
analysing results, but never before Maxwell had they been used to des- 
cribe actual physical processes. With this pajKT, and another published 
in 186'6', Maxwell established the modern kinetic theory of gases, both 
by brilliant and novel tlieorizing, and by outstanding experimental 
work. Heal was now quite simply the energy of moving molecules. 

EXPANSION 

A central topic in the practical application of heat is the expansion it 
causes in materials. The mercury thermometer dejK-nds for its oper- 
ation on the expansion of the liquid metal. .Another everyday example 
when wooden wheels were extetisively used was the application t)f the 
iron tyre that was heated before fitting, so that when it cooled it would 
tighten the wooden wheel and the spokes, llie classic demonstration 
to show that heat expantis solid bodies is as.sociat*'d with Willem Jacob's 
Gravesande {1688-I74'i) and is called the ring and ball Ts^. 
A brass ball will just pass through a brass ring when cold, but when 
the bail is heated in boiling water it exj>ands so that it no longer passes 
through the ring, llje ball and ring demonstration has been in use from 
the early eighteenth century to the present day. An associated phenom- 
enon is that different metals expand to a different extent over the same 
temperature range. This fact was put to practical u.se in the compensated 
pendulum, known as 'the gridiron' becau.se it was composed of alternate 
rods of iron and brass. A piece of apparatus to measure expansion of 
materials when heated was invented in about I lao by Petrus van Muss- 
chenbroek (1692-1761). The dilatonieter was a device that heated 
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" l-" l^fl : Dilatomctcr. with the rod 
spefimen pijsitions marked K. M, K, St, Z. 
The sixth rod is of glass. Tht- rods arc 
luxated ill tiie rf\'i)lviiif; vt-ssel and the 
expansion is shown by the ami, via a short 
lever. Heij:;ht to top ofpillar ^ I nini ; drum 
diameter 77 mm. Right : Conductivity of 
heat demonstration, Stochrer's pattern. 
The rod positit»ns arc labelled : Kupfer, 
Messing, Eisen, Zink, illiis. At theetidsof 
the rods ball-bearinps are attached by wax. 
The rod condueting; heat the best w ill 
release its ball first. Base 1 lu x 51 mm; 
height 1 1'i mm. 

Late I9th century. Teyler 's Museum ( 
739). 




metal specimen rods, and incorporatetl a dial to indicate the amount 
by which they exjxinded. This, like the ball and ring, continued to be 
demonstrated until the early twentieth century. A nineteenth-century 
version of the dilatometer had a revolving vessel in which the rods 
were heated, so that each could be njeasured in turn ~4j. 

Different materials also conduct heat more, or less, readily. A simple 
demonstration of this is provided by an apparatus named alter Jan 
Ingenhousz ( 17.10-99). Five or six rods of various nietals, and gla.ss, 
are fitted into a water bath. 'Ilie rod.s are initially coatcil witii wax 
which melts a.s the rods get hot, thus demonstrating the different rates 
of conductivity in the different metals. 

THERMOMETRY 

'I'hemiometry is the measurement of temperature, or the degree of hot- 
ness, and it is the first step in the development of the .science of heat. 
Before truly .scientific principles could be e\ ol\ cd in the study of heat, 
it was necessary to invent the thermometer, a device to indicate the 
tem|)erature, atid measure its changes. Galileo made a mide ther- 
mometer with an air bulb that moved a column of water, the air res- 
ponding fjuickly to sninll «"hang<>.<; of tompcratiirp. This device was call4?d 
a tlu'mio.scoiH' Q.'ij, and became a common demonstration ]>ittv when 
part-filled w ith coloured alcohol w liicli res[K)nds to the warmth of the 
hand by bubbling - gi^ ing the name 'pulse-glass'. The differential air 
thennometer, based on the thennoscope, was invented simultaneously 
by John Ix-slie (see below ) and Benjamin niompson. Courit Run>ford 
( \ ir>ii 1814). Both men intended the instrument to be able to detect 
very small changes in temperature, in {articular, in experiments on 
radiated heat. Runiford s model had a horizontal scale L6'j, Leslie's a 



114 • NINETEENTH-CENTURY SCIENTIFIC INSTRUMENTS 



1^33 Thermoscopc : a narruw-borc glass 
tube connects the bulbs, which are 
evacuated and part-filUnl with dyed alcohol, 
When one bulb is held in the hand the liquid 
boils vigorously. 
186*. J. Salleron, Notice sur Us 
Instruments de Precision, p. iiH. 





vertical scale [[7]]. Leslie used his instrument to measure light, as well 
as heat or infra-red, and it was essential to detect the heat emitted from 
a Leslie cube, with which it was originally associated. Fahrenheit was 
the first to use mercury in a thermometer in 1717; his work, and the 
various scales used on thermometers, arc described in Chapter 13. At 
the end of the eighteenth century and the beginning of" the nineteenth, 
it was found necessary to extend the scale of heat measurement to 
well below the freezing point, and above the boiling point of water. 
Dollond made a mercury thermometer that was calibrated from — 2f)0" K 
up to 610°?', though this was ridiculous, since mercury freezes at about 



Rumford differential air thermometer, 
signed: Themioscope de Rumford. J. 
Salleron a Paris. With one bulb in line with 
a radiant heat source, and the other well 
clear, tla* eN{)ansii)n of'air is indicated by a 
thread of mercury in the horizontal tube. 
Maison J. Salleron was founded in I HAA artd 
was continued by A. D^niichcl from the end 
of the century. Overall height +40 mm ; 
width 38.5 mm. 

C. 1 870. Teyler 's Museum (174). 
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r7" Leslie differential air thermometers, probably by Miller & Adie, 
Edinburgh. Lrft : adapted as a hygrometer, with a dark-blue bulb and one 
covereii in grey silk. When the silk is wetted with pure water, the depression of 
the column represents the lowering of the temperature by evaporation, and 
thus the relative humidity. Compare with the Daniel hygrometer. Chapter 1 3, 
plate 21. Right : adapted as a photometer. When put in a beam of radiant heat 
or light, the black bulb will absorb heat and expand the air inside, moving the 
li<|uidam),s,sthes«-ale. Both in.struments were purdiased in 1802. Height I7fi 
and 1 1 I nun : base diameter, 87 and H t- nun. 
1H(>2. Teyln's Musrum ( t lilHi:i,l ). 

Mercury thermometer, signed : Duif. Adams Charing Cross. The silvered 
brass register plate is calibrated from 5" to 2 1 2" Fahrenheit, and — 13° to 80'^' 
Heaumur. Some standard points are marked. Dudley Adams ( 1 762- 1826") 
continued the family business after the death, in 1 795, of his brother, George 
Adams Jr. I>ength of glass thermometer tube 5 10 mm. 
r. 1 «00. Musrum nj the History oj Science (SO-fi ) . 
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[10] A \Vcdgwot)d pyronicliT, signed: J. Nrwman 122 Rrgmt Ixntdon. 
Thv bra.ss ta[xrfd rlianiu-ls arc graduatfd O- 120 and 120-24O, arbitrary 
divisions wliu h ran fx- 1 alibrati-d : C» = rt-d heal, 27 = melting copper, 
32 — melting gold, 1 SO = melting cast-iron. T\\c gauge pieces are prepared 
blocks of Cornish porcelain clay, which shrink according to the temperature 
they experience. Originally in Lisle Street, the firm of J. Newman was in 
Kegetit Street from IK27. 

Mid-lS>tli century. Haencr Museum ( 1927-1812 ). 




[92 Mercury thermometer with dial, 
signed: L. R. BRI NE I'TRECHT.The 
large dial is painted on glas.s, with opal 
glass behind to give gcK)d contrast when 
vieweil by .ilu«l«-iit.-<- 'I'Ik' iiiiTiury colutim 
moves a float, as in the wheel barometer. 
Height 630 mm ; frame SSft x :iH5 mm. 
Late 19th century. Teylrr's \tuifum( 192). 



[11]] A hot-blast pyrometer, ."signed: 
Hobson's Patent Hot Blast Pyrometer J . 
C.\SARTELLI H ESTKR'So. 216. 

The design was patented by H. Hobson in 
1873. 

c. 1 830. Science Museum (1897 13*). 
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1^1 2J Optical pyrotnetcT. sijinotl : l.uneui" 
pyromctriquo o K m m . m k s vr{-: & 
N OU EL Ste. dt's Etablisst-ments 
DllCRF.TETa PARIS DEPOSE. TIlis 
pyrometer operates by obserx ing the colour 
changes in a quartz crystal between crossed 
nicol prisms, when a beam of light from an 
incandescent source passes through the 
optical tulK'. Overall length rf l'iJ mm : 
diameter of register plate 7<j mm. 
c. 1 8f>2. Musfum oj the History of Science 

— ST F while the column breaks up at over .'>70"F. 'I'he need to measure 
very high teinpfratuies aro.se in order to control indu.strial piwesscs, 
and it was also necessary to measure extremely small changes in tem- 
j)eralure, and with a fast res|H)nse time. 

For the first purjiose. Jusial) Wedgwood introduced in 1 7H2 his "pyro- 
meter' IlO", which depends on the fact that a sample t)f day shows 
a measurably ditferent amount of shrinkage on heating, de|)etiditig u\h>i} 
the teni|wrature to which it has been heated. After it had l)een taken 
from the furnace, the .sample was allowed to cool, and then measured 
by placing it in a tapered groove in a brass plate, llie clay would reach 
further towards the narrow end of the groove, the higher the tempera- 
ture to which it had btx'n heated Although rather crude, this was the 
first step towards measuring very high tem|KTatures. These pyro- 
meters were used well into the nineteenth century, and examples can 
be found, signed by Newman of Ivondon, and Kipp en Zoon of Delft. 
Another attempt to provide a means of measuring high Jemix'raiures 
in furnaces was the hot-blast pyrometer patented in XHiti by 1 1 . I lobson 

1]]. This was intended to determine the temfxralure of air supplied 
to a blast funiace through a hot-blast stove. 'I'his air is frequently at 
a temperature in excess of 700 C, so that a mercury-in-glass ther- 
mometer would be destroyed. The pyrometer embodied the means to 




[^13] Engraving of the 'Lunette 
pyrometrique", mounted for use in 
foundries or glassworks, from the I S93 
catalogue of F.. Ducretet fSc L. Ijejeu!)e, 15 
rue Claude Bernard, Paris. The firm 
claimed a sale of HiK) to industrial users by 
a I July 1 8f*3. The crucible at the right has a 
tube into w hidi the instrument is to be 
sighted. IS»3. 
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mix the hot air samples with a large quantity of cold air, so that the 
temperature of the resulting mixture was within a range of an ordinary 
thermometer. Tlie scale of the glass thermometer extends to 50O'C, 
with another scale engraved alongside, running from -KK)" to 1 700°, 
to give the actual temperature of the hot air, the amount of cooling 
having been allowed for. In the absence of a suitable instrument, the 
heat of a furnace has to be assessed simply by the eye, which judges 
the colour of the interior; at 800 C, the inside will look red, at IsZOO'^'C, 
it will look white. Sometimes the eye was aided by a colour scale. An 
early attempt at providing an optical pyrometer was the instrument 
invented in about 185)0 by two Frenchmen, Mesure and Nouel TlS], 
and advertised by Ducretet, of 75 Rue Claude-Bernard, Paris, in his 
catalogue of 18.9.'$ ~1.3". This device operated by obser\ ing the colour 
changes in a quart/, crystal between crossed nicol prisms, when a pencil 
of light from an incatidescent source (the furnace) pas.sed through the 



[14] Metallic thermometer, signed: 
THEHMOMETUE DE BREGUET 
(glass dome removed). It operates by the 
differential expansion in a bi-metallic 
helix, which has an index at the lower 
end. Invented f. 18^0 by Abraham-Louis 
Breguet ( 1747- 1823 ), the Parisian 
watchmaker, it became established as a 
demonstration piei'e into the twentieth 
century. Bast; diameter .95 mm; overall 
height 1 10 mm. 

c. 1825. Museum of the History of Science. 



5^ Metallic thermometer, signed : 

PATENT METALI.THERMO.METER 

( s Y ST E M c . A DM I R A A L ) . A Structure 
composed of bi-metallic strips moves a long 
index over a .scale divided 5o' 0 eo^C, to 
show changes in temperature. Made by C. 
Admiraal at De Rijp, North Holland, in 
1 895 . Base 2 1 0 X 155 mm ; overall height 
295 mm. 

1895. Teyler's Museum (H9*). 
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Leslie's cubes. This pair of cubes, 
named after John I^slie ( I "66-^ 1 832 ), is 
made witli turned brass bases and pillars 
suriiiuuiitcU by upcii-tuppfU cubes of .sheet 
brass. Different reflecting surfaces can be 
hung on the sides of the cubes, and there are 
plates in brass, coated in lampblack, 
polished, and paintird wliite. The cubes an- 
filled with hot water and the erni.ssivity of 
the surfaces compared using a differential 
thermometer. Height SOU mm ; cube edge 
80 mm. 

c. 1810. Teyler'i Museum ( I l'J7}. 



optical tube. It may be regarded a.s a quartz polarimctcr. The angle 
rotated is calibrated to a temperature scale, Tliis instrument was, liow- 
e\'er, soon superseded by the disappearing filament pyrometer, which 
used an electric wire, with the current running through it so adjusted 
that it would become invisible against the background of the furnace 
interior in the temperature range between 700' and 25O0°C. Tliis type 
of optical pyrometer was first produced in 1 901 . 

IX'licate measurement and quick respot>se were provided for by an 
invention of Abraham-l.,ouis Breguet ( IT tT-lSS.S), the well-known 
Parisian watclnnakcr. His thermometer Cl+H operated by the differen- 
tial expansion in a bi-metallic helix, which has an index arm at the 
lower end. The coil gives extra .sensitivity, and the temperature 
changes inside a vacuum could be dettK.-ted. Tliis invention became an 
established laboratory demonstration piece, and was still being offered 
for sale in 1910 by J. J, Griffin & Co, for £1. X-is. 6d. A good account 
of Breguet 's invention was given by Fanny f^dgeworth to Harriet Beau- 
fort, writing from Paris on 10 July, 1820: 'Breguet has made a new 
thermometer for delicate experiments . . . Tlie extreme sensibility of 
the coil of metal shows every slight variation in the temperature of 
the surrounding air imnmiiately. I saw the conunon mercury ther- 
mometer and this compared under the receiver of an airpump. It shews 
tlie rapid change in the temperature in vacuo before unknown or at 
least not known to its full extent.' T^Maria Edgeworth, edited by Chris- 
tina Colvin (Oxford, 197.9)3. 

RADIANT ENERGY 

The heat received from a radiating body, such as the sun, or a fire, 
presents certain sp>ccial theoretical problems. ITiis type of heat, usually 
described as radiant heat, is more accurately described as radiant 
energy. It was discovered that its behaviour closely re.sembles that of 
light, which also produces a heating effect. William Herschel 
( 1738-1822) showed the similarity between radiant heat and light, 
and so linked theories concerning tliem even more closely. In 1801 he 
proved, using thermometers, that there existed invisible heat rays 
beyond the red of the light spectrum. These heat rays - infra-red - were 
shown to obey the laws of reflexion and refraction in a way similar 
to light. Thomas Young, who has already been mentioned, lectured 
at the Royal Institution from 1801 to 1803, teaching that all the princi- 
pal thermal phenomena couUI he explained by mean.s of a vibrational 
theorv'. Young also strongly supported the wave theory of light, 
against the corpu.scular theory, and the comparison of heat with light 
as a vibration in the ether readily explained radiant heat. 

The corpuscular, that i.s, Newton's theory of light, and so of heat, 
was favoured by John Leslie ( 1766-1832), who became professor of 
natural philosophy at Edinburgh. In 1804 he publi.shed An Experimen- 
tal Inquiry into the Nature and Propagation oj Heat, in which several 
fundamental laws of radiation were put forward. These were that the 
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(^1 7]] Parabolic mirrors of brasN, unsigned 
but by Hcndrik Hen ( 1 770- 1 « 1 f> ) of 
Amsterdam. Siich a pair of mirrors, 
polished on the inside and painted black on 
tlic back, can be used tor locusinj^ heat from 
one mirror to the otiier, or for transmitting 
sound. 'Hie wire basket on a standard at one 
focus holds incaiideM-eni material, while the 
other standard at the i'ocus of the seco»>d 
mirror has a spike to which comi)ustible 
material is fixed 'Hiis will ignite when the 
mirrors are accurately |x)sitioned, and over 
a cotisidt-rabh- <iistan(X-. I leight of stand to 
centre of mirrors, c. ih'io mm : diameter of 
mirrors M'io mm. 
C. 1810, Teyter 's Museum ( tSO). 



^1 8^ Three Crookes radiometers. The 
vanes are coated black arid white, and wlien 
placed in light they rotate, because 
nu)lecules are ejected n)ore \ igorously fron) 
the black side, which absorbs heat more 
readily. Right, the vanes are fixed and a 
mica disk revolves. Height 2 1.1, <247 and 
IfiO nmi. 

f . 1 895. Museum of (he History of Science. 



emis.sivity and absorptivity of a surface arc equal; the cmissivity of a 
surface' incrca.ses as the reflectivity dccrea.se.s; tlie inten-sity of heat 
radiated from a surface is proportional to the sine of the angle of the 
rays to the .surface. lA-.slie',s apparatus for .showing the difTcrent radiat- 
ing power of black and white, dull and briglit surface.s is famous as 
Ix'slie s Cubes" "ifi^- u.sed today. His .sensitive heat detec- 

tors, l)a.sed on tf>e tliemioscope, are less well kn«)wn. 

Radiant heat is a form of energy that is part of the same electro- 
magnetic spectrum as X-rays, liglit, and radio waves. Heat is trans- 
ferred from a source to a receiver without heating the air between, 
and passes even in a vacuum. Most of this is twentieth-century know- 
ledge, but in earlier days there was an apparent anomaly between heat 
tran.smitted by conduction or convection, and that pa.s.scd by radiation, 
niere were two popular demonstrations of the effect of radiant heat. 
A pair of mirrors can be used for focusing heat from one to the 
other, an ex|ierinient devised by Marc I'ictct ( \1^1-\S<i5) and H-B 
de Saussure ( IT-K) Wi). \ red-hot iron ball was placed in a basket at 
the focus of one mirror, and this ignited gun-cotton or phosphorus, 
on a spike, set at the conjugate ftK'us of the mirror system. Another 
device tliat was used for demonstration and became a toy was tlie radi- 
ometer of Sir William t'rookes ( iH.SiJ- l ;>!«>), devi.sed in 1H71 IlH'. 
Four vanes, each blackened on one side and left white on the other, 
were set in a glass bulb which was roughly evacuated. When placed 
near a light source, the vanes rotated, because radiant energy is 
absorbed by the vanes, but more on the black side than the white. Tliis 




Q 1 9~ nicrmoclcctroscopc, sipnod : Jf'. \f. 
Logeman, jWil, HaarUm. Known a.s 
Seebeck's rectangle, with a bismuUi arch on 
a coppier plate, and a magnetic needle 
between the two nietal.s. A light pointer 
above the disk indicates the position of the 
ticedle. Mounted in w ood on a turned brass 
pillar aitd l>a.s<.'. 'nie Museum purchased 
themi(K!lectro.sco|X's in lH4<)and IS43l'or 
DH. 1 +. Overall height •ii>^ mm ; base 
diameter 123 mm. 
c. IK Ki. Tryln 's Museum {(i62). 




occurs because molecules of gas remaining in the bulb collide with, and 
are ejected by the black surfaces more vigorously than the white, caus- 
ing the vanes to move by recoil. 

A completely new, sensitive, lieat-detecting device was the tlientio- 
coupic which works by the thermo-electric effect first observed 
by niofiias Johann Seebeck ( 1770-1831 ) in 1821. llie point is that 
a junction between two different metals, such as iron and platinum or 
bismuth and antimony, will create a small electric current when the 
junction is heated. A whole series of junctions can be put together with 
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£i0'2 Left : a Leslie cube above a spirit 
lampon a brass, adjustable mounting 
(height 4«0 mm), signed: E. DUCRETET 
& c'* A PARIS. a thermopile of 32 

elements on a telescoping stand, unsigned. 
The thermopile was invented b\ I.^poldo 
Nobili ( 1 78+ I K.S.'j ) and improved by 
Macedonio Melloni ( 17.98- 1 85+). It 
consists of a chain of alternate elements of 
bismuth and antimony, and is much more 
scn.sttive than a differential tliermometer. 
'IIk' firm of K. l>utTetet was founded in 
IHS*. Base diameter, left, 13+ mm ; right, 
85 mm. 

Late 19th century. Trylrr's Museum ( 183, 
1017). 




one set of joins towards a heat source, and the other set of joins pro- 
tected from the source, llie device is called a thermopile, and the tem- 
perature is read from a gah anomcier ; it can cover a wide temix^rature 
range, up to some lioo' C. The thermopile was invented by Leopoldo 
Nobili ( 178'l-1835), and was improved by Melloni [SOj. 

Macedonio Melloni ( 175)8 1854) was originally profes.sor of phy.s- 
ics at the University of Parma, but lived in Paris from IS.^l to 
There he studied radiation, using a thermopile, and tried to find out 
how light and heat (calorific radiation, as it was then called) differed 
from each other. According to Thomas Young, and to Augustin jean 
Fresnel ( 1788-1827), light was a transverse wave in the ubiquitous 
medium called 'luminifcrous etlier', and heat was thought to be rather 
similar, although there were anomalies. Melloni's experiments were 
on transmission through various substances, reflexion and polarization. 
He found that heat rays could be polarized, but not in the same way 
as light is polarized. He concluded that heat and light are distinct modes 




HEAT • 123 



1' Vlolloni's tliemio-nuiltiplier, tin- 
combiiiatioi) ot'a tluTniopilc and 
galvanomcier. f . XfiHi. Desihanel.p. HI. 



L22l An 'optii-al' bciH'li for tin- study of the 
pro|ierties ol' radiant energy, sij^ned: 
Ruhmkorrt', rw dcs ()rti'\T<'.s «, Paris. 'Ilu- 
accessories are : heal source, l>right brass 
screen, two prismatic cells, mica disk, black 
glass, a]XTture and mica sheet tiltable, 
aperture disk, thermopile, mahogany table, 
reflector on divided plate, 'llie metre l>ar is 
divided to hall-<entinietres. Punhased by 
tlie Museum in 1 84.'i for 292, 1 2. 
Heinrich Daniel Ruhmkorff ( 1803 77 ) was 
famous fur his induction coil. Base 
b'80 X 1H2 X MS mm; bar IUI2 mm. 
18+5. Teyter's Museum ( IHS). 





of the same process. For his work he employed a bench with a series 
of accf-ssorics in the .same- manner as an 'optical bench' Z--J i'**ed. 

I liis [)rief and necessarily generalized .sumn>ary provide.s some back- 
ground to the acxepted knowledge that heat and work were equivalent 
forms of etiergy, a principle that was extended to electrical and chenncal 
energy. Ilie new te<hniques of thermtKlynamics allowed .secure calcula- 
tions to be made in pure .science, and in applied science, especially in 
the design of steam engines, and in other methods of power generation. 
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STEAM POWER 

TIk" fart that boiling water prcnhiccs steam that in turn rreates pressure, 
which tan provide propulsi\ o force, was know t> to the Greeks, and Hero 
of Alexandria is credited with the invention of the aeolipile, or jet cart 
Tvii, facing p. 1+4]. This device consisted of a metal sphere mounted 
on a wooden carriage; the water half-filling the sphere was heated and 
allowed to boil, and the steam to build up in the sealed container, being 
eventually allowed to escape in a jet which caused the carriage to move. 
This apparatus continued to be used as a demonstration piece into the 
nineteenth century. 

The first steam engine actually employed to do practical work was 
invented by Tliomas Savery in 16"97, and was used for draining mines. 



[23j Self-acting spirit blowpi|)e ; 
unsigneil. The mahogany base is leaded to 
give weight, and .supports a copper spiicre 
in a ring. A spirit lamp is fixed to the ba.se. 
Alcohol is poured into the sphere and 
heated, so that its \ aiK)ure.>ica|X's tlirough 
the curved lube below and ignites on 
passing through the flame from the lamp. 

flame is long and hot, .suitable f()rgla.ss 
blowing- (>n general .sale early in the 
nitU'tifMtb cetitury , it can be .seen on the 
bill-head of P'. Accum (Chapter I a, plate 
.y ) . Ch erall height 205 mm ; diameter of 
base l+Zi mm. of sphere B8 mm. 
f. I810. Ttyler's Museum (SOI ). 





IIKA I" • 123 



Steam from a separate hoiler was admitted to press upon tlie surfatx* 
of water in a coruaitier, and thus force it up througli an ascending pipe. 
On the condetjsaiion of tlie stean>, water from a lower level was raised 
into the vessel by atmospheric pressure, '["he condensation was pro- 
duced by applying cold water to the outside of the container. Savery's 
engine was in fact a steam-pump, and was sucreeded by the atmospheric 
engine, devised bvlliomas Newcomen ( 16'6".S 1725)), so called because 
the descent of the j>iston was produced by atmospheric pressure, on 
the condensation of the steam beneath it. It was while re|>airing a nuxlel 
of Newcomen 's engine that James Watt ( 1 736- IH 19) first turned his 
attention to steam power, and devised two improvements that revolu- 
tionized its operation. The first was to introduce a se|wraie vessel for 
the ctMidensation of the steam, so that the cylinder could Ix* kept perma- 
nently hot, thus sa\ ing greatly on fuel. His second improvement was 
to substitute the pressure of steam for the atn»ospheric pressure w hich, 
in New comen 's engine, caused the dow nw ard stroke of the i>iston. The 
upward stroke w as driven by a counterjioise, the steam iH'ing admitted 
to press equally both above and below the piston. Tliis was Watt's 
single-acting engine, because only the down-stroke t)f the piston is pro- 
duced by steam pressure. He then went on to de\ i.se a double-acting 
engine, using steam to produce lH>th the up-stroke and the dt)w n-stroke 
of the piston. Watt's work on the steam engine was so significant that 
a textbook of the lS8()s could state: 'We may add that the improve- 
nients introduced in the steam-engine since Watt's time ha\e In-en a 
matter of detail rather than of principle'. 

Tlie development and use of the steam engine were of the greatest 
s<-ientific and industrial im]K>rtaiKX' throughout the nineteenth ceiiturv. 
Working demonstration models j^vni, facing p. I K'i^ of the various 
types of engine were produced for use in teaching, alongside other 
mechanical models. (Jivcn the popular appeal of the railway locomotive, 
an obvious step w as the productitm of toy train sets, actually powered 
by steam ( see Chapter 16). 

LIGHTING AND HE.M 

The close association of heat and light has already been discussed, 
'lliree specialist lamps, invented l>etween 1780 and 18i2/>, deserve to 
be mentioned here, because they are related to heat in different ways. 
Tlie Argand oil lamp was patented in 1784 in Ikitain by the Sw iss 
chemist. Aim^ ArpanH ( 1 7.1(>- 1 HO.S ), and wa.«j initially u.sed as a <v>nvo- 
nient heat sourtx- in the chemical laboratory. The novel feature of the 
lamp was the free circulation of air round, and through the middle of. 
the circular w ick, .set in a perforated tube. This pnxiuced a l>riglit, hot, 
smoke-free flame, and was also verj' economical on oil. The famous 
Davy lamp "26" was in\ ented by Humphry Davy to sohe the problem 
of safe illumination in coal mines, and first denumstrated in 1816'. What 
had to be a\ t>ided was the risk of explosion, caused by the ignition 
of gas through the heat of any tyjH' of liglit .sourn-. The Davy lamp 



I- ^ 




LS't^l Advertisement of 1 8*U for a w orking 
model of a locomotive, oifered at <4*!i5 by 
Kdward I'alnuT. lo.s Newgate Street, 
Ix)ndon. \H t'2. 
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[25j Argand lamp, .signt-d ; A KG AN US 
PATENT. The oil n-siT\'oir is in ttie shape 
of ail urn, and ilit- lump has a glass cliiniiicy 
atid a pa[xT shade. 'Ilic inventor was Ainie 
Argand ( 1750 180.1 } of Geneva. His 
British patent was granted on 1 5 March 
1784, for a 'lamp producing neither smoke 
nor smell, and giving more light than any 
before known'. The circular wick allowed 
free circulation of air, giving a bright, hot 
flame, economical of oil. Overall height 
3Ho mm: ba.se Kio x I. SO mm. 
c. 1790. Trylfr's Museum (213). 



4 




Qafij I)avy lamp, similar to those supplied 
by J. Newman of I>ondon. The brass ba.se, 
painted black, contains tlie oil, and the Hame 
bums behind a wire-gauzi" cylinder lield by 
iron rods. Sir Humphry Davy ( 1778 1829) 
studied tiK- problem of .safe illumination in 
coal mines in 1 K 1 .5, and his safety lamp was 
demonstrated at Hcbbum Colliery, Co. 
Durham, in January 1816". 0\ erall height 
270 mm ; base diameter b'O mm. 
c. 1820. Tfyler 's Museum (211). 

L27j Miner's lamp, signt^: THE 
PROTECTOR LAMP A< LIGHTING CO. 
LD. MAKERS ECCLES, MANCHESTER. 
0\erall height 'Zda mm; basc<liamettT 
mm. 

Elarly 20th century. Prn^tnolleftion. 
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ras" Dobereiner lamps, the invention, in 1 Hi.'J, of Johann Wolfgang 
IXibereiner ( l7K()-lH+;<). Hydrogen prixlucixJ by acid anil zinc is ignited 
when the jet jiasses over tine platinum. Sei'ond from right is signed : hoST K R 
& WES I BKOAl) SI fl lY I'A TENT. Dimensions. /f^/ /o r/^A/; la'ight I.OU. 
1 ."iO, 1 9.'>, '2<iO mm ; diameter ot glass sertion, 95. 95, 70. 80 mm. 
Mid-1 9tli fentury. Musfum of the History of Sctencr ( chem. 380. 381 , 378, 384 ) . 



provides light from a wick dipped in an oil resenoir, but the flame 
burns behind a wire-gauze cylinder held by iron rods, the cooling effect 
«)f the gauze preventing sufficient heat escaping to cau.se an explosion. 
'I he secret of the DiUxTeiner lamp ~'iH & a.<>j was the discovery by 
its inventor, johann WoHjKanp I')<iher(»iner ( 17H<>-lR4fl). of the rata- 
lytic effect t>f platinum. Catalysis means the acceleration (or retarda- 
tion) of a chemical reaction by a substance that does not suffer fierma- 
nent change. Dobereiner was Professor of Chemistry at Jona when he 
made the discovery in 1 823, and his 'instantaneous light' lampconsisied 
of a jet of hydrogen, produced by acid on zinc, coming into contact 
witli sjKJiigy platinum, and thereupon creating, by catalytic reaction, 
sufficient heat to ignite the gas. 'I"he novelty was that no sjiark was 
needed from a tinder box to light the lamp. 



128 • NlNETEENTH-CENTl'RY SCIENTIFIC INSTRUMENTS 



~2f»j Fart of an instruction sheet for a 
DobtTcincr laxup. 



TDE 



LIGHT LAMP. 



n i« itDpcoek, Ihrougb vrhidi 
Um gut piutrt to, 

b, which ii llio Jet. 

c it • haodl« vUeh, m bting 
prMxd down, allowi of Um 
CKa|>« tli« gu ibroagli i. 
A >priBg on th« huxllt iiiak«* 
it to cJoM lb* (tapoook, m 
remoTinft Um hud. 

d i* % bnua otp oeloiing' tlw 
tpongy platlu. 




e c i« the inner gt^u tube, «o»t 

y, which i; n wira luppocliof, 

g, the piece of zinc. 

A A is the (Hiter gla«« Teuel, and 

• ii n hmM cover fitting looMl^r 
xt tlic tup of 4 A. 

A ij> the iwid and watar. 



'i'iio eat T'<vr«8eatj Ui« ayp«f^tMio« of tbail<arop -when (< ii flU»d with utdafter 
tho acid watar baa been drivvfi 'ottt,fe^ th« prrmure ct the bydrogan. "fte Lamp, m 
tbSa atate, is reidy f9r aa«. * ' 
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T/w fx[>rrinirnts of Moll and Van Beek. In 1823 these obsenrrs made a 
delernunation of the veUkity oxtt a distance of 1 7,000 metres between Zn<en- 
boomfijes and Kooltjesberg. near I 'Irecht, reducing the internal helzveenjinng 
at the tUQ ends to one second. They found L'u = S.'i^A m.lsec. 

J. II. Poynting it J. J. lltomson. Sound ( 1899) 




Glass globe with brass collar and 
stopcock, for attachment to an air-pump for 
evacuation. A Ik-II stands inside tl»eglol>e. 
to shoM that sound needs air tor its 
transmission. Ov erall height ■^ lo mm : base 
diameter 'ifi« nmi. 

Mid-lfnliix-nturA'. Teyler's Museum ( THSt ). 



Acoustics is a word often used to denote the science of sound. On the 
other hand, wlieii we speak of 'acoustics', we usually mean the quality 
of liearitig in a room or theatre, so it is probably better to restrict the 
use of the word to imply sound with hearing. A.s there is much more 
to the study of soiuid thati that part concerned merely witli tlie human 
ear, the word sound w ill be used here, becau.se it is more comprehensive. 
In tfiis chapter the physics of sound will be considered, because that 
is the scientific study that grew rapidly during the nineteenth century. 
Although the use of the ear is inip<3rtant, the physicist always tries 
to make his .science as objective as possible, and the u.se «)f the ear, 
however well-trained, remains subjective. 

The association of the art of music with si-icnce began in the school 
of the Greek philo.sopher, Pythagoras (b. c. 58*2 Bi ). The Pythagor- 
eans devoted them.selves to mathematics, and believed that almost 
everjlhing is numerically expressible. They observed that the ])itch 
of musical notes depends on a simple numerical ratio in the length of 
the chords struck. This ratio, they thought, corresponded to the di.s- 
tance of the heavenly bodies from the centre of the Karth. Thus math- 
ematics, astrononjy, philosophy and music canie to be closely related. 
In the seventeenth century the new style of experimental philo.sophy, 
which derived in particular from the writings of Francis Bacon, cau.sed 
the study of music, and hence of sound, to be placed on a scientific 

frMitinfj. 

Following Bacon's principle of testing all natural observations by 
e.xperinient, the public lecture-demonstration achieved great popularity 
in the eighteenth century But the science of .sound was not sufficiently 
advanced to find a place among the subjects studied, which included 
mechanics, jineumatics, hydraulics and optics. Only two demonstrations 
relating to .sound were included in the curricula of these lectures. One 
was that of an alarm clock under a bell-jar, from which the air was 
removed by an air-pump: the clock bell then became inaudible ^IJ. 
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£ij The vibration of a glass bell to 
demonstrate the nodes. 
c. 1870. Dfschanel.p. 7ftfS. 




The other demonstration was of an upturned glass bell, with a series 
of pith-balls hung from strings to touch the sides of the bell Taj. When 
the bell was struck, the still nodes and the moving parts could be clearly 
seen from the stationary and Jumping balls. But the main study, and 
hence the apparatus to demonstrate effects to do with sound, belong 
tu lliv iiiiictcciitli century. 



MUSICAL NOTATION 

In the study of sound, it is customary to use the notation introduced 
by Hclmholtz when referring to musical tones. Here the octave from 
bass C to middle C is written: c d e J g a b c' . The octave above is 
denoted by two accents, and the next by three. Tlie octave below is 
shown by capital letters, and the one below that with sub.script marks. 
'I"he standard pitch for musical instruments and for concerts has varied 
between countries, so for scientific work the standard frequency is 
taken as r = 1 iJ8 cycles per second ( cps ) . Thus middle c' = -ibti cps, and 
treble f" = 5 12 cps. The French notation, which will be ftiund on Koenig 
apparatus, is different, and corresponds as follows: 

(64 cps) (128 cps) 

C D E F G A B c 

Ut, Rcj Mi, Fa, Sol, I-a, Si, Ut^ 

French tuning forks are marked with double the true frequency, .so that 
U is stamped 256. 
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1'hc sound of a watch ticking at tl)f 
focus of a parabolic brass rt'flwtor can be 
distiiKtly licard at the foioisof a similar 
rtiirn>r some distaiicc away • 
c. 1870. Deichanfl,p. SO". 




THE PHYSICS OF SOUND 

A noise is produced by a disturbance of the air, which is first compressed 
followed by a rarefaction, so that the pressure is first high, then low. 
The same effect happens in solids such as wood and iron, and in liquids 
such as water. The sound travels as a pressure wave until its energy 
is gone. Tlie wave is called a longitudinal wave, as it proceeds by a 
kiUK-k-on effect, wliereas waves on water are transverse waves, becau.se 
any point oscillates up and down, and water does not move forward 
away from the source, only the shape of the waves on the surface moves 
forward. Light is also a transverse wave motion. 

Being a wave motion, sound has a velocity which is different for air, 
wood, water, and so on ; if there is no material in its path, then it cannot 
proceed, so in a vacuum there can be no sound. Tliis was discovered 
in about 1654 by Otto von Guericke after he had invented the air-pump. 
The velocity of sound in dry air at o^C is about l metres per second ; 
in water it is about four times greater, and in iron about fifteen times 
greater than in air. 

When there is a quick succession of sounds, then a note is heard 
by the car. Such a musical sound is made by the vibration of a stretched 
string, or the vibration of a column of air in a pipe. When makinj^ 
experiments, a tuning fork is commonly used, which is a U-shaped piece 
of steel whose prongs will vibrate when struck, giving a note of a defi- 
nite pitch; by pitch is meant the frequency of vibration. The lowest 
note that can be heard by the average human ear is sixteen vibrations 
per second, and the highest about 24,ooo vibrations per second, but 
this varies considerably, according to age, among other factors. 

TJje wavelength of a sound wave is the distance between successive 
points of maximum pressure. It can be calculated using the formula 
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V = f?., which moans vcUK ity equals frtqucncy multiplied by wavelength. 

Sound can be reflected from a flat surface, just like light lW>ni a mir- 
ror. An edit) is produced by the reflexion of" sound from a hard surface, 
such as a cliff or a wall. Soutid can be refracted as is light by a lens. 
Acoustic len.ses can be made from ga.ses or liquids. It the air do.se to 
the ground is colder than the air above, tlien there is a lens effect, and 
a sound will carry a long way, and in the .summer when the ground 
is hot, tlie sound will be refracted upwards Ix'cau.se the upper air is 
cooler. This phenomenon was studied by ().sborne Kcynolds, who des- 
cribed his findings in 1 874. 

Other effects are diffraction, which may be exjxrriencx'd by the reflex- 
ions from a fence of e<jually-spaced rods, and interference. This occurs 
with two notes of the same frequency (pitch) which may reinforce each 
other to increase the loudness : or, if they are out of phase, that is the 
jx-ak pressure in one coincides with the maximum rarefaction of the 
oth<T. then .scarcely any .sound will be heard at all. If a tuning fork 
is sounded, there are four positions where it is nearly inaudible when 
turned around, because of the interference of the .sound waves generated 
by the two prongs. If two tuning forks of very slightly different fre- 
quency are sounded together, then the sound is successively reinforced 
or diminished as the waves coincide or not. The result is a sh)W pulse 
known as U'ats. If one fork is sountling at vibrations |x'r second, 
while the other (loaded with a small piece of wax to slow it dowri) 
has a frequency ot !2.'>a, then four iK-ats per second w ill be heard, the 
difference between the two frequencies. 

Another subject for study is the quality, or timbre of a musical note. 
It is obvious that the .same note played on a piano or a clarinet .sounds 



1^4^ The production of harnurtiics on a 
sonometer, hy touching the string, while 
b<)wing. I'a|x'r riders fall off at the anti- 
nodes, and remain in place at the nodes. 
c. \ H10.Dtschanel,p. HSS. 
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LS] Soiioinctcr slumped ; Kl'DOLPH 
KOENIG A HAKls. One wire is fixed and 
the other can be weighted via the pulley. A 
metre scale divided into centimetres allows 
the bridge positions to Ix; noted. Board 
I300X I40 mm; height 215 mm. 
c. 1K70. Teyler 's Museum (26'S). 




differently ; the tone.s are different, which is called a difference in quality. 
Musical instruments do not give tones that are pure, that is, composed 
of a single frequency. 'Iliere are several frecjuencies blended together. 
The strongest frequency is the fundamental, the others being tlie har- 
monics or overtones, and it is the.se that determine the ()uality of the 
musical sound. 

Tlic two areas for tfie basic study of sound riaturally relate to musical 
instruments and their divisions into strings and pi|)es. For exjx'riments 
on vibrating strings, a monochord, or sonometer r4 & .'>j is used. This 
is a long sounding box or board, with a wire fixed by a ix'g at one 
end, running over a couple of bridges to a pulley at the other end. 
Weigfits can Ix* hung on the wire at the pulley end, and the bridges 
adjust the length of the vibrating w ire. Strokes with a \ iolin 1h)w at 
the middle will send waves to each end to be reflected back, ft)rming 
u statiutiary wave. With ll>f wire vibrating as u .tingle segment, t])e 
pitch of the note is the fundamental. If the wire is touched lightly at 
the mid-point, and bowed at the quarter of its length, the two segments 
will each vibrate half the total length of the wire, and the note will 
be the octave of the fundan)ental. In this case, tlie wire will fx* stationary 
at the centre point (the node), and will be at its maximum displacement 
at the quarter positions (the antintxies). 

A vibrating wire or a tuning fork makes a feeble .sound when by 
itself, so, to enhance the strength of the note, a sounding-board or 
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Qe] Bfl! and adjustable resonator, signed 
ona plaque: W. M. I^ogeman HAAHl.EM 
1H4K. When the l»ell is bowed, the v olume 
of the re.Horiating cylinder is ad justed by the 
screw to maxinmni loudness. Base 
270 X 1 54 X 38 mm : overall height 
2UO mm : bell diameter 7H mm. 
1848. TeyUr's Museum (i!7^ ). 




^7] Resonating table, with glass bell on 
pillar, ami a wooden cover ; unsigned 
WTien the bell is bowed, the sound is 
ampiiHed by the hollow table top, the air in 
which resonates. Table height 816 mm, top 
730 X .5 14 mm ; Ik-II height 2'iO mm, 
diameter i27.'> mm. 
c. I88y. Teyler s Museum (732). 
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Z*^2 Apparatus to demonstrate Chladiii's 
figures. Brass plate on a wooden stand, 
circular brass plate as an alternative. 'I'vvo 
boxvvxxid shakers tor sand ofdifferent size, 
and a violin bow. WTien the plates are 
sprinkled with sand and then bowed, 
patterns are formed by the sand at the 
nodes. Brass plate 300 x 298 mm ; overall 
height of" wooden .stand 250 nmi ; diameter 
of circular bra.ss plate .soo mm. 
c. 1 870. Tr>/rt- 's Museum ( 26a ) . 





l!)' The pattern of the Chladni figures on a 
square plate. The sand forms nodal lines, 
t. iSlO. I)fMfianel,f>. 7H7. 



sounding box is used. This is the principle of the violin and piano. 
When used for experimental purposes, a tuning fork i.s generally 
mounted on a box that will strengthen the loudness of the note. The 
box, in fact, resonates, and its size is chosen to give the maximum 
effect. A tuning fork can be held over the top of a closed tube; if the 
length of the tube is adjusted, the air in the tube can sound loudly, 
that is, resonate, A node is formed at the closed end, and an antinode 
at the top, the tube length being a quarter of the wavelength. With 
a tube open at both ends, there will be an antinode at each end, and 
a node in the middle, which implies that the length is half a wavelength. 
Here is the principle of the organ pipe. Air is forced through a narrow 
slit and strikes the lip, causing eddies, and the column of air in the 
pipe selects one of the frequencies which it reinforces, or resonates with, 
and the pipe emits a loud note. This is called a flue pipe, and it may 
be open or closed at one end. A reed pipe in an organ is conical in 
shape, and the column is .set in resonance by a reed. 

Ingenious apparatus was invented to discover and to measure the 
effects noted above, and then later to demonstrate them in the class- 
room. It is this apparatus and its originators that will be described 
below. 



INSTRUxMENTS AND THEIR INVENTORS 

The work of Ernst Florenz Friedrich Chladni ( 1 756 1 827 ) heralds 
the nineteenth-century interest in sound. For most of his life Chladni 
was devoted to the study of sourtd, no doubt because he \%'as an amateur 
musician. H<vause no one had studied the vibrations of plates, he de- 
veloped a technique of supporting a plate of glass or brass at one central 
point, covering the suri'ace with fine sand, and then stroking the edge 
with a violin bow. The sand collected along the nodal lines of zero 
movement, giving rise to striking geometric patterns ~H & 9} - Chladni 
visited the Acad^niiie des Sciences in Paris in 1 808 to show his technique 
and the results, and subsequently the visible display of vibrations in 
solids, and e\ en in gases, was used in teaching. 
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[103 Siren to the pattern of Capiiard dc 
I^tour. The back view on tlie rig,\\t sliovvs 
the ul>li(|uc air lioles in tlic vvinit-clu-si and 
the count wheels, 
f. I870. Dfschanrl.p. H22. 




[ir Siren, signed: DELEriL A PARIS. 
Air is forced into the wind-chest at the base, 
and it e.scapes through a set of holes, which 
turns a rotor as in a turbine. A note sounds 
according to the speed, w liich is calculated 
from the dials and a clwk. Dcleuil founded 
his firm in 1 HiO, and it continued into the 
twentieth century (>\ erall height \M) mm ; 
base diameter .iM nun. 
r, 1850. Ttyler t Museum ('J-tS). 




I 

Important innovation.s were made by Felix Savart ( 1 79 1 1 84 1 ) who 
worked on the physics of tlie \ iolin while a medical student at the 
University ofStraslx>urg, and sent a paper on the subject to the .\cadcm- 
ie in Paris in 1819. The importance of the new .subject was recognized 
in 1 838, when he was appointed professor of experimental physics at 
the College de France, where he taught acoustics. He used C'hladni's 
figures and air columns to study the elasticity of materials and gases. 
In order to work out the lowest and highest frequency that the human 
ear can dettrl, he de\ i.se<l the "Savart disk". 

ITic- Savart UisK i» a brass wlic-ol with tlie fclpo «-iit iritci n luimHor 

of teeth, as in a gear wheel. It is mounted so that it can be turned 
rapidly by a handle and gearing. .A piece of card is held to the edge, 
and when this is struck by the teeth a note can be heard. Tlie pitch 
can Ix? altered by tlie rate of rotation to correspond with any other 
note. The frequency is worked out by the number of turns of the handle 
per second, the multiplication of the gear wheel, and the number of 
teeth on tlie outer wheel. 'I'o give an example; handle, one turn a 
.second; gearing, I- times; ao teeth; result, 320 vibrations a second by 
the card. With this device, it was now possible to measure the frequency 
of any note. 

An improvement to the Savart disk was the siren of Ix>uis Friedrich 
W. A. Seebcck { 1805-49). This consisted of a disk that could rotate 
in a vertical plane, and w hich was bored with a series of holes arranged 
parallel to the circumference of the disk. When the disk was set to 
rotate at speed, a small jet of air was directed at a ring of holes, so 
producing a note, w hich varied with the number of holes that pas.sed 
tlie jet fKT second. 

.A more ingenious and more accurate siren was made by Charles Cag- 
niard de la Tour ( 1777-1859) [lOl. In 1819 he published an article 
on his siren in Annates df chimie, called, 'Sur la sirene, nouvelle machine 
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^1 2j Hclmholtz double siren, signed : F. 
Sauencald tn Berlin. BaseiOT x 152 mm; 
overall liciglit 39() mm. 
f. 1880. Teyler 's Museum (n**). 



d'acou.sti(|U(' tlf.stincf i nicsurcr Ics vihratioriN dc I'air cjui constitut-nt 
le son'. This invention made Cagniard's rejmtation. Besides demon- 
.strating the nature of .sound, it made po.ssible easy determination of 
the frequency of vibration of any sonorous body, by means of a speed- 
ometer which measured the rate of revolution. Airording to Cagniard's 
original design, tliere was no auxiliary motor. Tlie apertures were 
arranged obliquely, so that the perforated disk would automatically 
rotate like a turbine when a jet of air was applied to it. Tlie only disad- 
vantage was that the pressure had to be increased in order to provide 
a sharj^r sound, so that the siren was soft for low notes, and shrill 
for high ones. This type of siren will also perform under water, when 
water instead of air is forced through the holes. 

A modification of the siren by II. W. Dove ( 1 80.S-79 ) made it poss- 
ible to discover more easily the relations of different musical notes. 
In the fixed and rotating plates are four sequences of holes arranged 
in circles, and below are stops, so that any one ring of holes ain be 
sounded or any combination of them, thus forming the fundamental 
chord. A further important development of the siren was made by 
Helmholtz, whose work is discussed in detail below. He added another 
windchest to the instrument, thus producing a double siren C'-^I' 

A device to demonstrate visibly tlie \ibrations of strings was 
invented by Franz Emil Melde ( 183^-1901 ), professor of physics at 
the University of Marburg. A white string is attached to one prong 
of a tuning fork, and the other end weighted over a pulley. The vib- 
rations, nodes, and antinodes can be seen by the contrast of the white 
thread against a black cloth. 

A musical ear is needed to match notes when a siren is used. It was 
therefore desirable that a mechanical method should be devised to count 
the vibrations of a tuning fork. The revolving drum chronograph was 
described by Thomas Young in his Lectures on Natural Philosophy 
( 1807 ). His apparatus was a metal cylinder round which was wrapped 
a sheet of paper coated with lamp-black. The cylinder was turned on 
its axis, and a bristle attached to a tuning fork placed to trace on the 



[ 1 3j Tlie vibrations of a tuning fork are 
counted by the trace on a vibroscope. 

f . 1 870. Dest htinrl, f> HS I-. 




[l ♦] Phonautograph after I^on Scott. 
L'nsigned, but the Miiseuni records sliow 
that it is by Hudolph Kocnigon'aris, and 
thedati- is given a.s I H6:'>. 'Hie cylinder is 
fixeti to the lioard, hut tlie heavy iron 
mounting for the hortt can be nio\ ed o\ er 
the board. Base H-K) x ISO mm ; cylinder 
length 2.iO mm ; diameter 1 80 mm ; horn 
length 530 mm ; mouth diameter HI 5 mm 
1865. Teyler's Museum (273). 




paper the movements of the vibrating prong. A closely similar device, 
called a vibroscope was invented by a Frenchman, Jeati-Marie- 
Constant Duhamel (1797-1872), who publi.shcd an account of it in 
1843. He used a stylus attached by wax to otie prong of a tuning fork, 
and a screw was cut on the axis of the cylinder wliich enabled it to 
mo\ e horizontally, to extend tlic range of the trace. Iln: cylinder can 
be turned so many revolutions in a given time, and the frequency 
worked out by counting the wave forms traced on the paper which had 
been given a smoke coaling. 



[_15~ Edi.son's tinfoil phonograph with 
fly wluHtl, the tniddle of three models ; it 
sold for lo guineas in 1886". Base 
200 X 150 mm. 

c. 1 886. Self nee Museum (1887 29). 
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Am cxtctiNioii of Dulianu'l's insirunH-nl was ilovisfd in is.57 by I Ami 
Scott, and talltd tla- plioiiautograph Z^^Z- employs a conical chamber 
to collect the sound, which then causes an elipsoidal membrane 
stretched over the lower end to vibrate. At the centre of the membrane 
is attached a light stylus, and this records a trace on smoked jxiixr 
fitted to a rotating cylinder. This instrument, which can register any 
sounds for analysis is clearly the precursor of Edison's phonograph of 
IH87. 

The American, lliomas Alva Kdison ( 18Tl^l.').'il ), invented an 
instrument ft»r recording and reproducing soujul which he called the 
phonograph Qlo^, and which was at first intended as a scientific instru- 
ment. It consisted of a mouthpiece, closed by a thin metal disk with 
a small steel point fixed at the back. Tliis point can transfer vibrations 
of the disk onto tinfoil wrap|K'd around a cylinder. Tlie surface of the 
cylinder has an accurately engraN ed helical groo\ e that acts as a guide 
to the point. The cylinder is cranked by a handle, and a flywheel regu- 
lates the speed. The |x>int impresses a series of indentations into the 
tinfoil. If the mouthpiece is replaced by a similar ap]>aratus with an 
elastic membrane carrying the [x)itit, arid a large horn, the indentations 
can be used to reproduce sound, 'llie tinfoil does not reprotluce a second 
time with clearness, but F.di.son's original instrument soon developed 
into the wax cylinder phonograph that l)ecame universally popular. The 
first man to de\ ise disks as sound reproducers, in place of the wax 
cylinders, was the (jerman-Amcrican inventor, Kmile Berliner 
( 1851-1.92.9}. Mis simple instrument, the gramophone [16'3 with disks 
only a few inches in diameter, was first produced as a toy, and played 
nursery rhynu's and patriotic songs. 



" 1 Oj Gramophone designed by Ein ile 
Berliner. Signed on a plate: 
GR.\MMOPHON BKRI.INF.RS P.ATFNT 
BREVETE DEl TsrHL.\XD K>0i8 
OESTERREU'H I'XG.^RN +HKH7 FEBR. 
24. 90. EN(5I..'\Nr) I.'.S.S'i NOW H. 87. 
ITAI.l.A W-.'i SEPT. .S. K9. .ANGE.M. 
F R .A N f E . Hw <iisk record was ised by 
Berliner an a toy, ami the .simple drive is bv 
a hand whei'i. spring dri\ e to another wlieel 
whicli rotates the liuri/onial lunilable by a 
nibber friction wheel, The sound box fias .i 
net-Klle to fit in tlie groin es of the disk, ;iii<l ;i 
hon) amplifier of ]>a|>ierniaclie. lA-iigtli 
S^o mm : mouth diameter 1 6.5 mm : ba-te 
300 X I +5 mm ; record disk diameter 
121 mm. 

r. 1890. Tryler's Musfum (HH^). 




4 
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L 1 7 J Telephone to the 1 86 1 desifrn of 
Johann Reis. The transmitter is at the top, 
the receiver is below. This is the first 
instrument to transmit speech, the first in 
the sequence to the ubiquitous telephone of 
today. Baseboard 8 1 8 x 267 mm : overall 
height \:>0 mm. 

c. 1865. TeyUr s Museum (S89 ). 




The word 'telephony' was coined in isfil by Johann Philip Reis 
( 1 834--74) of FViedriclisdorf . Although Charles Wheatstorft' had trans- 
mitted signals by wire in \ Keis experimented with producing mus- 
ical sounds at a distance. Mis telephone transmitter had a mouthpiece 
in the side of a small box witli a taut membrane at tlic top of the 1h>x 
p7 & I8J. When the membrane vibrated, a small piece of platinum 
fixed at its centre made and broke art electrical circuit. Tlie receiver 
consisted of a coil of wire around an iron rod fixe<l on a hollow sounding 
box. An iron rod expands slightly when it is magnetized, and when 
the current is interrupted the rod resumes its luirmal lengtli. Thus the 
longitudinal vibrations of the rot' will be communicated to the .sounding 
box, and become audible. 

After this, little progress was made until Alexander Ciraham Bell 
(1847-1922) and Elisha Gray ( 18a.5-l901 ) took up the subject in the 
1870S. Bell patented his design in 1876". Bell'.s .second instrument incor- 
porated an electromagnetic microphone, similar to ear-phones still in 
use today. I'he diaphragm is a disk of iron just in front of an electromag- 



[I8j Engraving showing the working of a 
Reis telephone ; tranismitter to tlie left, and 
receiver to the right. From Kudolpli 
Koenig, Calalogur des Appareils 
d'AcoustitfUf, p. .'>!». 

18«'». Hnyal Scottish Miisrum { photngruf^ 
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[ 1 9" Telepluwif, signed : T H E 
GENERAL TELEPHONE AGENCY 
COMPANY (limited) L'J.i CRKS HAM 
HOLSEOU) BROAD S I KEE I LONDON 
EC . '!"lii.s iiistrunieiit. a drnidiistratitin pair 
mounted back to back, was purchased in 
ISSofor Dfl. MHi.ito. Baselxiard 
SfiO X 400 mm ; overall height HKi mm. 
IHHO. Teylrr's Museum (^fiH ). 

ZiOl Telephone, signed : E. MAl-DANT «i 
C-'^" 'i I R I' E D ' A K M A I L I- E V A H I S. This 
demonstration )>air ( tlu-M-eoiid ap|)aratu.s is 
behind the board) a>.st, in IHNO, Dfl. mo. 
EJaseboard 3S() x irt-i mm ; overall height 
.W.'j mm. 

1880. Tevlrr s Muifum (^97). 



netic coil. ITiis is inndulated by the voice, causing the diaphragtn to 
vibi^tc. In Britain the first commercial telephone company was 
launched in and the first exchange established in I..ondon the fol- 

lowing year. Tliontas Edison foutid that carbon would change its elec- 
trical resistance with pressure, lie made a microphone with s{^)ecially 
prepared carbon between plates of platinum near the vibrating diaph- 
ragm, and this improvement was introduced in 1H7h. 

Herman von Helmholtz ( 1821 94) was a native of I'otsdam, and 
originally studied medicine and chemistry. In lH4.ti he took up the ajv 
]K)intment of professor of physiology at the University of Kiitiigsberg, 
and turned his attention tt> the study of physiological acoustics and op- 
tics. Mis first invention, in 1851, was the ophthalmoscojK-. He tnoved 
to Heidelberg in 18o8. and it was there that he wrote and published 
his monumental treatise on sensory acoustics as the basis tor the theory 
of music. His great achievemetit was his fonnulation of the resonance 
thenn,- nf hearing It had been dis4<>vered during the is.'.os that the 
structure of the ear includes rod-like features of varying length. Helm- 
holtz likened these to the strings of a piano, and conceived them as 
acting like tuned resonators. He devised an instrument that was of con- 
siderable help in his research. In order to test the presence or absence 
of a particular harmonic in a given musical tone, a resonator in tune 
with the harmonic is put to the ear, and if the resonator 'sf)eaks", it 
proves that the harmonic is present. The Helmholtz resonator ~i2l~, 
or resonance globe, is a hallow globe made out of thin brass, with an 



naterial 
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£2X1 HelmhoIlz rt-sonator and tuning 
forks mounted on resonance Ixixes. Brass 
resonator inscribed M l.j and witli R K 
monogram ; box stamped : K l' U o L I" H 
K o E N I u A PARIS, and l' T^. Box 
300 X 1 1 8 X 69 mm. l^rf^e fork 
stamped U 1+ loa-t V S, and R K ; box 
stamped: RUDOLPH KOENIG A I' A H I S, 
and U T+. Box 148 x 83 x 48 mm. Smaller 
fork stamped: G 400 VIb/paR SF.C()NDE 
A C A V AII.I.E-C()I.I. FECIT; box 
(unsigned) 197 x 78 x 52 mm. 
f . 1 870. TfyUr 's Musram ( l<HI, 787, 249). 




J22~_ Helmholtz sound synthesizer, 
stamped: RUDOLPH KOENIG A PARIS. 
A iiialtogany baseboard carries eight 
resonators with their electrically 
maintained tuning forks and a master 
tuning fork. Before each resonator is a 
clapper, or stop, which is moved by strings 
attached to the keyl>oard. All tlur resonators 
are niarke<l w ith tlie RK monogram, a 
number ( 1 to 8 ), atid the resonating note: 
I ; V Tj, 2/ V Ts, 3/ S O I^. 4/ U T4, .■>; M 
fi) s o L.^. 7/[nil", Hi V T.,. The master 
energizing fork has contacts that can dip 
into mercury cups. It is stamped UToUafi 
and has the R K monogram. Note: V 
c-orresponds to base C" (in the Helmholtz 
notation ), w hich has a frequeni-y of I sis 
cycles JXT sea)ntl (cps ) . It is marked with 
double this number, according to French 
practice, to count the pulses not the cycles. 
Board 1040 x 794 x 72 mm ; largest 
cylindrical r»'.sonator, length iJ is mm, 
diameter 177 mm. 
c. 1875. Trull's Museum (iii-H). 



opening at each end across the diameter. The larger hole admits the 
sound, and the .smaller, pip-shaped, (its into the ear. The air in the 
globe has, like an organ pipe, a particular fundamental note of its owTi 
which depends on the .size of the globe. Sometitnes the resonators are 
made in cylindrical form, but the action is identical. 

'I'he Helmholtz resonators enabled .sounds to be analysed into their 
constituent frequencies facing p. 160^, with benefit to music and 
to speech theory. But this was not all; Helmholtz also synthesized 

.Hiituid, tliul l.s, lie roprodurcd a gi\'on .sound by romhining the individual 
sounds conijiosing it, as .shown by his resonators. The synthesizing 
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[[24] Singing flame apparatus after 
Schaffgotsch ; signature- plaiiucniissing. A 
gas jet burning inside the long glass tube 
sounds the air in the tuJ)e in the manner of 
an organ pi[x-. Base '203 x I .*} I mm ; overall 
height brass stand tiHi mm ; overall height 
to top of tulit' .'>}K) mm ; tube length 
442 mm: diameter 33 mm. 
c. I860. Tryirr's Museum {•J3H). 



[[23j Set of five I felmhtjltz r<'s<«»ators and five tuning fork.s. Tl>e forks are 
stamped UJt to right : ou, o, I, E, .\. All stamped with the signature : 
RLDOLPH KOENIG A PA Rl S. The brass resonators have the R K 
monogram : they sit on cork, to be taken up and plaa'd to the ear to amplify 
sound from the appropriate fork. The forks are sounded by .strikitjg with a 
hammer; one has cork ends, the other cloth and chamois leather. Base 
S.'iO X 2 1 ."j X .S7 mm ; height of largest fork 22.'> mm ; largest resonator 
diameter 88 mm. 
c. 1870. TeyUr's Museum (iSO). 

apparatus {ii} consisted of eleven tuning forks, the first in c 
( cps), nine others its harmonics, and the last serving as a make/ 
break to the electro-magnets driving the tuning forks. Beside eatli fork 
is a resonator to enhance the sound. When the bank of forks is wired 
to an electrical supply, no current will pa.ss until the controlling fork 
is bowed, when the contacts attached to it will be activated, and all 
the electro-magnets in the bank will attract their respective tuning 
forks. In front of each resonator is a stop disk on an arm; with the 
stop in place the sound from the fork is scarcely audible. With strings 
attached to each arm, that lead to a .small keylward, the stops can be 
moved away from the holes of the resonators, and the notes can be 
made clear. By pressing down all the keys, the sound of an open pipie 
is produced. Ilelmholtz was able to show that the different timbre or 
quality of soutids is due to the different intensities of the harmonics 
which accompany the primary tones of these sounds. This may be des- 
cribed as studying the colour of sounds. 

A particularly interesting figure in the development of apparatus for 
research and teaching in the physics of .sound is Karl Hudolph Koenig 
( 1832-1901 ). A native of Konigsberg, he look his doctorate there in 
physics, studying with Ilelmholtz. In iH.il Koenig moved to Paris, 
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1^253 A bank of eight I Iclinholiz 
resonators, with their small ends each 
connected to a separate manometric capsule 
which acts on a gas jet. When the rectangle 
oi'mirrors is rotated, it is easy to see the 
flame that is vibrating, so that a sound can 
by analysed. 

c. 1870. Deschanfi,p. H57. 



[2fi" Apparatus for exjK-riments on the 
LnterfereiKX- of ."itjund, signed: P.J. KIPP 
& ZN DELFT:onthemanometriccap«ules 
RI DOLHH KOENIG A P.\HIS. Froma 
single entry pipe, air is forced through both 
tubes to manometric flames ( not shown ) . 
The flames can be made to intert'ere when 
the fn-quencies aR- similar, giving risi> to 
beats. One tul)e is fixwl and the other i-an Iw 
moved (as in a trombone] and the distance 
measured by a millimetre rule reading to 
SfiO mm. This apparatus was devised by 
KcH-nig in 1H72. Overall height K.10 mm; 
overall width MO mm. 
1H»9. Tfyler'f Museum ( 7!) I ). 

[^27' Engraving showing the experiment 
on the interl'erence of sound, from Rudolph 
KtH-nig, CaUlitgUf lies Aftpamh 
d'Acoustiquf, p. kk. 

188f>, Royal Scoltish Museum ( pholografih 



and ttwk the unusual step for an academic of apprenticing himself to 
a violin-maker by the name of Vuillaume. At the end of his time, in 
1858, he formed a business as an inventor and maker of apparatus for 
the study of sound. He made an unrivalled reputation for novelty and 
accuracy, and much fundamental work was done in laboratories in Eur- 
ope and America, employing his equipment. 

Koenig adapted a device known as the singing flame or chemi- 
cal harmonica, to produce his manometric flame to analyse sounds. In 
the singing flame apparatus, a jet is formed by a narrow tube of glass, 
and a supply of hydrogen, or coal gas, is lit. An open glass tube is 
lowered over the jet. and a musical note is heard which varies with the 
dimensions of the tube; the flame reaches about a quarter of the way 
up the tube. Tlie note is the result of resonance in the tube brought 
about by tlie combustion process. In order to obser\'e the flame, another 
piece of apparatus was devised, the rotating mirror. This was a c-ube 
with mirrors on each side, rotated on a vertical axis near the flame. 
The image of the flame is then drawn out horizontally, when it can 
be seen that it is oscillating up and down. 

In his manometric flame apparatus, Koenig u.sed a sort of speaking 
tube to transmit the sound to a membrane, on the other side of which 
a gas supply fed a jet. Variations in sound pressure on the membrane 
(acting like a microphone in a telephone handset) were transmitted 
to the flame, which jerked up and down according to the nature of the 
sounds received. To tnake tlie flame shape clearly v isible, Koenig's cube 
of mirrors was used. Today, this would be effected by using a cathode 
ray oscilloscope (which is like a television screen). 




[V 11] Jet cart, signed : HAAS (S CO. . LOSDON. The copper sphere is partly 
filled with water which i:t heated to boiling point. A plug allows pressure to 
build up, and, when removed, the steam jet propels the cart. This is a variant 
on the aeolipile, first described by Hero of Alexandria. Sphere diameter 
153 mm ; overall height 250 mm. 
c. 1800. University of Pavia ( 1781 ). 



[vmj Model of a Watt beam engine, signed; waTKINS & HILL, 5 
CHARING CROSS, LONDON . This is a working model, powered by burning 
charcoal. It was used in lectures at the Clarendon laboratory, Oxford. Base 
board lOOO X 370 mm ; height to topof chimney 685 mm ; beam 360 mm. 
c. 1 840. Museum of the History of Science. 
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[281 Lis«ajous' fi}rurL-.s, uiiisuii, uctave and 
fifth" 

c. I870. Dfschanel,p. H-m. 
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I'yrI ol the apparatus to .show 
LissajoiKs" ex|K'riinfm bv rottii tiiif; a s|>ot 
of h^ht from mirrors attached to the tuning 
forks. Left : a sup|x)rt of Iwtvhwood for a 
horizontal fork ; a disk of sixruluni metal is 
attadiitl to o\w prting and a founterweight 
to till- othcT. MtddU: % «.Ttical fork on stand, 
stamped Hii on tlie fork, and i>n the Ims<' 
block: LERKBOURct SEfRF.TAN A 
PARIS. Right : two fiirks mounted 
\ crtitally on a stand. A spot of lipht is 
diret ted to the horizontal fork and the 
other, vertieal forks are hroufjht into the 
reflected beam in turn, to gi\ e tlx- dirtert-nt 
figures. Bi'efhwcMHl supjxjrt o\'eralI height 
63 "> mm, base ,')(K) x MtKt nnn: overall 
height of verlieal fork stan<l .i Id" mm, t)a.sc 

atio X ."joo. 

r. 1 870. Tryifr 's Museum ( 2 7 Hi 




[;JO" I.i.ssajous' cxixTimcnt. 

1-. IHTO. iJf,srA<i/«'/,/>. H-fH. 




Kwnig applieil the manometrir flame technique to demonstrate 
to a class of students tlio analysis ot' sounds by resonators. 
A bank of" six resonators, whose notes liave frequencies proportional 
to 1, 2, 3, 4, 5, 6", are fixed in a frame with their small holes attached 
each to a gas jet \ ia a membrane. Alongside the jets is an elongateil 
set of four mirrors. When a sound is made, the appropriate gas jets 
vibrate, and the ettett is seen in the mirrors as they rotate ~*2.'>~. 

Koenig's newly inventtni manometrir flame ap|iaratus was displayed 
at the hiternational Ex|K)sition held in Ixmdon in IK^i'i, where it won 
a gold medal. Another gold medal was awarded to him at the I'hil- 
adelphia Centennial Exposition of 1876". He not only supplied superb 
apparatus, but alsomadea fundamental contribution to scier>ce on his own 
account, culminating in his book of l»8i2, Q_ufl<fues f.ifH'nent es d'aaiusli- 
quf. 'llie clock tuning lurk was, |X'rhaps, his greatest contribuiioti to 
precision in the study of sound, llie turiing fork acted the role of a 
pendulum, and it could then be usetl as the standard for comparison 
with other forks. 

A fascinating and aesthetically pleasing illustration of the fre<)uency 
ratios betw een two tuning forks is gi\ en by the vibration figures ktiown 
as Lissajous figures L-^I- Ji'lfs Antoine Lissajous ( iH'Jii-HO) devised 
his demonstration apparatus by fitting two tuning forks with a small, 
plane mirror on one prong. One fork is then mounted \ertically, and 
the other horizontally ~_'29 & .iO". A coinerging beam of light is shone 
onto one mirror, from which it passes to the next mirror, which directs 
the light beam on to a screen. On this screen will be seen the pattern 
traced by the spot of light, which can be seeti as a whole In'cau.se the 
eye retains an impression of the image t)n the retina tor a fraction of 
a second (the jXTsistence of vision effect which is the basis of the cin- 
ema). If the first fork alotie v ibrates, the image is a straight line, and 
if the second only vibrates, the result is a horizontal light image. It 
both \ ibrate w ith equal frequency, the figure is an elipse, while if one 
is the octave of the other, a figure of H is formed. Lissajous first pub- 
lished the results of his exjKTimeiits in 1857. 
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IfiVf call light ihosf rays which iHuminate objects, and radiant lieat those 
which heal bodies, it may be inquired whether light be essentially different 
from radiant heat. 

William Herschel { isoo) 




[_\~_ Achromatic lensand prism. signed: 
Soled a Paris. Jean Baptistc Krat>\'ois ^H>lcil 
( 1 7f>8- I STH ) produced and soKI a wide 
variety of optical instruments. He was 
sucwi-ded by lii-s son-in-law, Duboscq, in 
1 H49 ( see piat<- ."5 ) . ( )\ erail lieiglit 1 70 mm ; 
lens aperture .'».> mm ; prism edge '25 nmi. 
f . 1 8>K). Museum of the History of Science. 



The human eye is sensitive to a particular small region of the electro- 
magnetic spectrum, which includes gamma-rays. X-rays, ultra-violet, 
light, infra-red, radiant heat, and radio waves. 'I'his definition could 
only have been given at the beginning of the twentieth century, 
because only by then had the full range of the spectrum lieen investig- 
ated. Optics, the study of light, and by extension of the neighbouring 
parts of the spectrum, is generally divided into two |>arts: geometrical 
optics and physical optics, llie former consists in tracing rays from 
a light source through diflerent media, such as water and glass, from 
mirrors, and through lenses and prisms. Such studies are ancient; 
Renaissance artists and architects were well aware of ix'rsjxTtive, and 
there were ray diagrams in the seventeenth centurj'. By I HO() geometri- 
cal optics was fully established and changed little during the century, 
because it was mathematically based and not depetident on any tlieory 
of the nature of light. 

Physical optics consists of theory and experiment on the nature of 
light, and the way it interacts with matter in many forms, for example 
transparent, reflective, and bi-refringent materials, crystals, and .scat- 
tering by fine j>articles. Here it may be remarked that a number of 
important instruments were producx^d and used even Ixffore there was 
full theoretical understanding of the principle on which they were 
based; for example the spectroscope and the polarimeter. 

The seventeenth century marks the begirniing of the serious study 
of the nature of light, after which there was a cjuicscetJt period until 
the 1 8()0s. W hat was known durmg the seventeenth centurj' is summar- 
ized as follows: 

1 . Light appears to travel in straight lines, casting sharp shadows and 
not bending round comers (but see 5 below). 

2. Light will pass through .some kinds of matter (transparent), be 
ab.sorlx'd by others (opaque), be reflected back by others. 

3. When light is reflected from a surfac-e, the angle at which it strikes 
the .surface is the same as that at which it is reflected. 
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L »j Heliastat for use in optical 
c'xpi'rimcnt.s. uti.signed, hut attributed to 
Mfverstfin. (Kerall height iifi mm; hasc 
II 4 X 114 mm. 

1856. Teylrr s Mu.srum (,tlO). 




Prism on telescoping stand, signed : w. LADD London. n>e prism is 
adjustable on two axes. .\ typical denmnstration prism to reproduce Newton's 
CX|X'rinient. tins onu' Ix-longed to Kdward C hapman, Siience Tutor at 
Magdalen College, Oxford, from 18fi8 to 1 834. 
c. 1868. Musfum of the History of Saencf. 

[[3j Refraction goniometer, signed: J. Duboscq d Paris. This apparatus is 
intended to verify tlR- sine law ofn-fraction of light through a transparent 
liquid (Snel's l.,aw ). Sunlight is directed through the liquid in a narrow beam, 
and a radial arm is turned to reiei\e the refracted beam. 'Hie movable 
hori/.oiital bar is divided directly into sines. Jules Dubo.scq { |8|7-8fi} was 
a pu]>il and son-in-law of S)leil and sucm-ded to his business in I84f>. From 
1849 to 1883 it was J. I)ubos«i at 21 rue del'CXleon, and from \hhs to I88fi 
it was I)ul)ost«| I'. IVllin; after I88(> it was IVllin alone. Height to top 
of circle t^T.) mm. 
c. I8e.5. Pavid L'niifrsily (^)7). 

4. Wlicii light {Misses fruiii unc transparent medium tu another, it is 
bent or refracted. 'I'he law of refraction was discovered in 1621 by 
Willebrord Snel ( K'.HO l«26). 

5. In the Ifi.'iOs Francesco Maria Griniuldi (l618-6'3) discoven-d dif- 
fraction of light, that is the bending of the wave around an edge 
into the region of the .'shadow . Tliis i.s \ i«>ible in water waves, but 
as light has such a short wavelength (as we know) the diffraction 
of light i.s extremely hard to detect. 

6. The 1 670 lectures of Isaac Newton { 1 6+a- 1 727 ) , the result of w ork 
done since I6fi.5, showed that white light can he split into colours 
by pa.ssing it through a pri.sni. Me al.so di.scovered the interference 
colours in thin films, such as flakes of mica, and in the air film between 
two plates of glass Newtoti's rings TTj. 
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[6~ I lollow glass prism in brass case, 
signed : A/"' Jules Duhosrq <) Pans. This 
allows the dis|x:'rsit«i oriitjuids to be 
measured. ( Verall height +b"0 mm ; depth of 
case UX) mm. 
r. iHttA. PriTattailleftiott. 



7. In lBfi9 Erasmus Bartholin ( discovered double refraction 
in Iceland spar (cakite), which liad been brought back to Copenha- 
gen by an expedition of the previous year. 

8. In I6"7() the Danish astronomer, Olaus Roemer ( 16"44-I710), 
showed tliat light has a finite veUx ity, and is not transmitted instan- 
taneously, as had been thought. 

9. Polarization oflight by a calcitc crystal was discovered in 1677 by 
Christiaan Huygens ( 162.9 95). 

Also during the seventeenth century, two rival theories as to the 
nature oflight were formulated. One was the corpu.scular, or emission, 
theory, which Newton elaborated and clung to. In this theory light 
was regarded as a flight of material particles emitted by the source, 
the .sensation of sight being prtxluced by their mechanical action on 
the retina of the eye. A wave theory of light was first expressed by 
Huygens in 1678, and he was able to account for all the phenomena 
except polarization in calcite. This was a crucial test for the rival theor- 
ies, but as Huygens thought light waves to be longitudinal (as in 
.sound), not transver.se, he could not form an explanation and neither 
could an emission theory. The theorems used to explain interference 
and diffraction apply to all kinds of wave motion, but polarization is 
quite another matter. Light wa%cs are transverse, as was ably proved 
by Thomas ^'oung and by Fresnel ( see behiw ) . 

After this, the theories about light became highly mathematical and 
complex. James Clerk Maxwell { 1831-79) .showed in 1860 that light 
was an electromagnetic phenomenon, and Hendrik Antoon I^>rentz 
( I85S- 1.028) suggested that an oscillator of atomic proportions could 
account for the high frequency waves. Max Karl Enist Planck 
( 1858-19+7) introduced in 1900 tlic concept oflight quanta, that is, 
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Ttj Apjiaratus to deitionstratL- N'cwton's 
rings. Left : for transmitted light, signed : 
J. Dubosftf a Pans ; rif(ht . for reHccted light, 
unsigned. I^Jt: base 160 x lOO mm ; 
aperture 60 mm : r//f A/ . aperture mn>. In 
1 KfiS the Museum purchased a collection of 
instruments I'rom Duboscq for Dfl. I07. 
f. 1853. Tf vler's Museum (-tOS, -MS ). 




the waves are emitted i» packets called quanta, which effectively com- 
bined the wave theory with the emission theory. 




L8] Fresnel bi-prisms for demonstrating 
interfereiKe of light. Tlie adjacent prisms 
provide a double light source from the 
single slit. Probably of French manufacture. 
c. 1B70. Musfum of ihr History of Science . 



Interference 

'Ihe first careful observation of coloured interference fringes was made 
by Newton, and became a popular demonstration under the name 'New- 
ton's rings' [[7j. When two pieces of glass with clean surfaces are 
brought into clo.se contact, ct)loured fringes can l)e seen surrounding 
the jxjint where contact between them is clo.sest. The.se colours are 
similar to th(5se pnxluced by a drop of oil on water, and, in general, 

.1 very tliiii film orniiy tradKpari-iit .•iiil>Klatu-i- (a -soap l>iil>l>li- ) «>r a thin 

air gap, will produce interference fringes, lliorna.s Young 
{ I77.H IH'i.'j) was a suppt)rter of the wave theory of light, and he 
believed that the waves should interact in the .same manner as water, 
or sound waves, lie made an experimetu with two pin-holes in a card, 
so that beams of light could be viewed coming from two distinct 
sources. Where the two bands of light cro.s.sed, he observed dark bands, 
and he took this to be confirmation of the wave theory, ^'oung■s exjx-r- 
iments were made in and .some ten years later, Augustin Jean 

Fre.snel ( I7HS- I8a7) was carrying out .similar experiments, though 
w ith the aim of excluding diflractetl light. He achie\ ed his two beams 
of light by reflecting rays from a slit source of light ofl two mirrors, 
inclined towards each other at a very .small angle, thus producing two 
virtual images very close together. In the region wliere the rays from 
the two sources overlap, interference is seen in the form of bright and 
dark bands. 'l"he dark bands are the places where the waves of light 
from the two sources are iialf a wa\ eletjgth apart, and destroy each 
other; at the briglit bands, the waves coincide, and produce reinforce- 
ment. Fresnel also u.sed two shallow pri.sms that provided two interfer- 
ing beams from a slit sourcv of light. Fresnel's mirrors and prisms 
became key demonstration pie*^s for .students 
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Kngraving ofca.st-inJti optical bench, 
1200 mm long, with adju.siabic slit, a U-tus, 
bi-prism, and Ram»dcn eyepiece. Below are 
thrcf diffraction objcrts. slit, hole, and a 
single edge. The whole sold for £iti. 10s. 
Wooden optical benches were simpler and 
much cheaper. ('. 1900. Griffin, f>. 674. 




^lO^l Wave demonstration apparatus 
designed by Charles Woodward and 
published in 1 S.t I . Tlie name-plate is 
missing, but most likely made by Watkins 
& Hill. London. 

c. 1 Hb'o. Musfuni of the History of Sciencf 
(BTS). 



To show the results of interi'erenoe between waves, there is a demon- 
stration devised in the 1860s by Charles W^oodward, president of the 
Islington Scientific Scxiety. lliis is composed of some 70 moveable rods 
in a wooden bar, the top-s of which, finished with white knobs, arrange 
themselves in the form of a wav e L'O'- If the bottoms of the rods are 
pres.sed upwards by a wave template cut in wood, they move in such 
a way that the whole process of interference between one wave and 
another can be graphically demonstrated. 




I 
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1 J Foucault mirror to measure the 
velocity of light, sigjied: Fromt>nt a Pans. 
The protectors lor the mirror are lying on 
tliebase-boartl. The Museum |>aid Dfl. 2f>ff 
for this lut htturhine' in 1 863. (Kerall 
height 'J05 mm ; base aoo x l-K) mm. 
1863. Teyler 's Museum ( ) . 




Velocity of light 

Roemer made his estimate of the velocity of hght by observ ing and 
timing the ecHpses of a satellite of Jupiter. His estimate was remarkably 
good, only twenty-five per cent too low on present-day figures, 'llie 
velocity is enormous; light c-an travel in one second a distance equal 
to more than seven times the circumference of the I-Larth. In the middle 
of the nineteenth century, two Frenchmen decided to make an aivuratr 
measurement ol the velocity ot light actually on the surtace ot the I'^rth. 
Ki/eau managed it over a distance of H.tt(> kilometres, while Koucault 
achieved his measure within the laboratory. 

Jean Bernard Leon Foucault { 181J^ 6"8) c{>llaborated with Amiaiid 
Hip]X)lyte Ixiuis Fizeau (iKiS-.Ofi) from 18-n- to I8.')(), when, after 
a dispute, they continued their experiments separately. Both tried the 
rotating mirror technique, first used by Charles VVheatstone 
( 180^-75) in 1834, in an attempt to mea.sure the sjx'cd of an electric 
s{)ark. Foucault decided to improve on the original Wheatstone rotat- 
ing mirror, but Fizeau used a fixetl mirror a considerable distance away 
from a source of light, ami a toothed whec-l. The idea i.s that when 
the wheel rotates in front of the source, it will pass a beam of light 
through a gap between tlie teeth which will be reflected back by the 
distant mirror. If meanwhile the wheel has advanced so that a tooth 
now blocks the reflected beam, the observer will see nothing. From 
the veltx ity of the wheel and the number of its teeth, it will be (x>ssible 
to calculate the time taken for the beam of light to cover the distance 
tti and from the mirror. 

In Foucauli's experiment, the central element was a rotating mirror, 
at which a lK*ani of light was directed LllJ. This was reflected to a 
concave mirror, which returned the light to the rotating mirror. If this 
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[^I2j I'olariswpc. signed : Htirlianti in 
Torino. 1831. lliis tyjx.- of instruiiKrit was 
develofjed by Eticnnc \ialus in 1 8 1 o to 
demonstrate polarization by reflexion, llie 
rectangular ( below ) and tl»c circular 
(above ) sheets of plain glass can be tilted at 
any angle, and the upjjer one rotated. The 
viewing aperture at the top is fitted with a 
selenite crystal, whicli pre-dates the u.se in 
\S35 of a riicol prism as analyser by Johaiin 
G. C. Norrenberg { 1 787 1 862 ) . Base 
174 X Ififi; overall height +40. 
1831. Musfu di Storia dfUa Saensa (3123). 




Cc ' ' • ' material 



154 • NINETEENTH-CENTURY St lENTIFIC INSTRUMENTS 



Ql 3^ Polarizing apparatu.s. l^J't : 
touniialiiiL- lurcc'ps, lungtli ISO mm 
(f. I H80 ) ; centre: nicol prism, 
at) X 20 X +3 mm (f . 1 830 ) ; right : quartz 
wedge with mirronu-tcr adju.stinc-nt, 
signed -.Jf^A Ihiboscq J Parts, It-ngth 
\\i mm (r. 1880). It i.s thought tliat the 
nicol prism was mado by William Nicol 
( 1 768- 1 8.') 1 ), who invented the technitiuc 
of construction in 1 828. Museum iif the 
History oJ'Saence (64-288 ). 




is rotating extremely fast there will be a slight displacement between 
the incident and reflected beams from the spinning mirror, so, knowing 
the siwod of rotation and the displacement, and path lengtl), of the beam, 
the veltKity tan be calculated. Koucault anni)unicd his Hndiiigs in 1850, 
and then set about improving his apparatus, which was made by Paul 
Gustav Fniment (181.5 6\5). Koucault first of all used his apparatus 
to show that liglit travels more slowly in water than in air, so proving 
the wave theory. After announcing this theory in 185(>, he went on 
to measure the velocity of light, having made some improvements in 
the mechanical design of his rotating mirror. His figure, published in 
1 862, was 298,000 km/second, whereas the modem figure is 
299,792.5 km/secotid. The uniformity of rt)tatit)n was checked by a 
siren on the spindle of the mirror, the note from which was comjwred 
with a tuning fork. Teyler's Museum in Haarlem, The Netherlands, 
always in the forefront with new exiKTinieiital demonstration appara- 
tus, purchased from Kroment one of these rotating mirrors in I86,s 
for Dfl.296. 

Polarization 

The phentimenon t)f the [>olari/.ation t)f light was disct)vered in 16'fK) 
by C'hristiaan Huygens, while he was experimenting w'ith calcite crys- 
tals. Polari2ation means that the vibrations are restrictttl to one jxirticu- 
lar platie. In a t-alcite crystal, when the light jwsses in a certain dirt^tion, 
the beam is split in two, btith parts being plane-polarized. 

Research in this department was not continutxl until the early nine- 
teenth century, when a prize was ottered by the I-Vencli Institut ( pre- 
viously the Academic des Scientvs) for a study of the theory t>f double 
rcfractit)n. Tlie prize was won in 1810 by Etienne Ivouis Malus 
( 1775 18l'i), but, while wt>rking on the subject, he tbund that light 
could be polarized by reHexion from a transparent medium at a ivrtain 
angle; he al.so di.scovered total refraction, 'i'his new phent)nient)n was 
published in IHOS, and as part of his description, Malus coined the word 
'|x)larizatit>ti', as he considered the "particles' of liglit to have sides t»r 
poles, which were lined up in the course of the reflexion. Arago and 
Bit)t in France were immediately attracted to the new study (see 
Chapter 12), and in Britain, David Brewster (1781 18«8} ttH)k up the 
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" 1 4]] Projector for polarization effects, 
signed : Duhoscq a Pans. Similar to a 
solar tiiicn>si'0|K' ; thr titirror is barked by 
black glass. Fixing platt- x mm ; 
mirror frame !280 x 1 H i- mm. 
c. 'I'ryler'f Musrum ( -US ). 




work with mirrors. This led him to fomiulalc, in IS 15, Brewster's I^w 
of polarization by reflexion; tlie index of refraction is the tangent of 
the angle of maximum polarization. By using two mirrors, it is possible 
to produce complete extinction of light, and by rotating tJie mirrors, 
the light intensity can be varied. 

Demonstration apparatus t\w polariscope ~l'2~ was soon available 
to show the Malus effect, and to prove Brewster's Ijw, apjiaratus that 
has changed little to the present day. To show this intriguing phenome- 
non, with unexpected effects for the novice, demonstrators used calcite 
crystals, plates of tourmaline, mica films, and stressed glass, to give 
figures and colours when interposed in a iK-ani of polarized light. Special 
projectors, using sunlight or the carbon arc, were made to show the.se 
eflects to large audiences, as s|K-ctacular colour changes can be guaran- 
teed to capture an audience. 

't he first convenient way of obtaining polarizetl light was to u.se a 
nicol prism, named after its inxentor, William Nicol (17«h Ih.iI), 
the I'Uiitiburgh geologist, who thought of it in l«!2K l'^^J- I' niade 
by .splittinpr a cplcito ( Icolaml .spar) crv-stal along it.s .sbortfr tliagoiial 
plane and cenienting the jwrts together with Canada balsam. A Ix'ani 
of light is doubly refracted on entering the crv stal, and one of the two 
rays is totally reflected at the balsam surface, while the other passes 
straight through. With two such prisms, the light entering the first, 
called tlie |x>larizer, pas.ses on to a second, called the analyser. When 
crossed at right angles no light passes out of the second. When strained 
glass, or other birefringent material, is placed fn'tween the crossed nicol 
prisms, figures, or colours, or both, can be seen. Such pairs of prisms 
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Z^ -'Z I'olarimeUT, signed: Franz Schmidt 
Si Hacnsdi BERLIN N'. I \ W2. An o|nicaliy 
ai ti\ c Kuliitioti ii) a long narmu tube placed 
Ix'twrni the niiol jxjlariziT and aiialvsvr 
makes one half of the field lipht and the 
other dark. Hotation of the analvMT 
n-stores a uniform field, to give a measure 
of the optical nitatioii. 
( . 1 870. Musfum of the History oj'Sdmce. 





[[I6j Compression machine lor stressing 
glass and other materials to show stress 
birelringeiue. l'rol»ahly of (icmian 
manufacture. Tlie scale is from 0 to 
2(X) kilo. 0\'erall height 27{» mm ; Imsc 
77 X 78 mm. 

f. 1 865. Teyler 's Museum ( -Uifi ) . 
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7l Plaster modt-ls to ro|jrosont sf ctions 
of the ray suriaivs in uniaxial and hia\ia1 
birctringctit m stal.s, niadi- b_v J. ii. 
Httfniatin. Paris. Double tone: heijjht 
l/iK mncdiamc'tcrolcnds St mm. 
c. I860. Tnlrr 's Museum ( Kifi). 





were frequently supplied with microscopes to show the effects in geo- 
logical samples and other crystals. 

Polarization may be plane, eliptical, or circular, and tTVstals can give 
a variety of configurations to the patterns .seen, because of the different 
s>Tnmetries of crystals: triaxial, uniaxial, trigonal, etc. As these sym- 
metries are never easy to explain mathematically to students, three- 
dimensional figures were made to aid teaching, and one sudi set, in 
plaster, is shown here Ll7j. 

Phosphorescence 

The name arises from the greenish glow seen during the .slow oxidation 
of white phospfiorus in air, though phosphorescence now means the 
light given out by a substance after it has been irradiated by light of 
a lower wavelength (liigher frequency, implying higher energy). In 
modern temiinology, the word lumini.scence is used to include phos- 
phorescence and fiiiorescence; the latter term indicating an extremely 
short afterglow. 

The pioneering work on this subject was |»erformed between \H3i> 
and 1H,'>;» by .Alrxaiuire Kdmond Becquerel { IfiiJO JM). Hi.s ni«)no- 
grajih. published in lK,'>y, described the jihosphoro.scojK- invented to 
measure the time for which a substance would continue to glow after 
having been irradiated by a brilliant light Tl)e instrument was a round 
metal box with a pair of rotating disks that had fi)ur apertures in each, 
arrangetl so that no light could pass directly through the box C'^J- 
Tlie substance was \ iewed through the front aperture after it had been 
illuminated by the Sun through the back aperture. By varying the sfx-ed 
of rotation of tiie shutters, the time of the afterglow could be measured. 
Becquerel-tyix; phosphoroscxipes were later made to be attached tt) i)ro- 
jec-tors using carbon arcs, which give out a great deal of ultra-violet, 
usually a most effecti\e irradiation source for gc-tuTating luniincscciicj-. 



laterial 
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~ 1 lk'c«]um'l pliosphoroscope. signed : 
J. DubosKfH Piiris. The sample crystal is 
shownju.st bclurc insertion. Invented by 
Alexandre Becquerel in \ H;>n. Overall 
length 3(Hi mm ; diameter ol chamber 
1 1 1 mm. c. man. Teyler 's Museum ( 399). 
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[[19^ Spectroscope signed: John Hrirwning 
London. In this instrument the s|H'< trum i.s 
fomied by six pri-^ms arranged in a ring, 
which means tiiat the collimator with a slit 
at the end is do.se to the telescope through 
which the spectrum is viewetl. The 
spei'tnim is spread out to make it easier to 
distinguish the lines from each other. Such 
multi-pri.sm s]xt lroscopes were used by 
astronomers, c. l«7(». Museum of ihe 
History- ofScienie (31 I HO). 
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[20] Spectroscope, signed : S/>fncer 
Browning <il Co. Luniion I'.ITEST. Al-so 
engraved: Crookti sf>ntrusiuf>f. William 
Crookes ( l H3i!- IJJ 1 9 ) workctl on 
spectroscopy during l8«o 63, discovering 
thallium in 1 863, (or which he was elected 
to the Royal Society. Spwiccr Browning & 
Co. operated at 1 1 1 Minorie.s, I>ondon, 
from IS-K), They took patents for 
spectroscopes in 1 86 1 '2. 
c. lKf>2. Trylfr s Museum (390). 




Colour 



Tlie human brain interprt'ts light rcceiv ed on the retina of the eye in 
tcrm.s of colour. Artist.s had known for centuries that the so-called three 
primary colours, red, yellow, blue, give any hue when mixed. Tlionias 
^'oung proposed a theory of colour vision based on three receptors 
in the eye, each receptor being predominantly re.s|H>nsive to red, green, 
and violet, lliis theory was revived by James Clerk Maxwell, who 
began experiments on colour mixing in 18+y at Edinburgh, the year 
before he went as a student to the L'niversity of Cambridge. Maxwell 
used a si)inning disk a sort of toj) - w ith adjustable sectors of coloured 
jKiper, and he was able to work out quantitative colour equations using 
red, green, and blue as primaries. For demonstrations, the colour disks 
are mounted on frames fxi, facing p. an«i white and black <lisks are 

added to the coloured ones to adjust the inten.sity W ith these in appro- 
priate proportions, any colour may be matched. It is also worthy of 
note that Maxwell projected the first three-colour photograph in 1«61 . 

Spectroscopy 

'Ilie discovery of line sfx'ctra was of great importance in furthering 
the understanding of matter and of light. With the belief that light 
was the result of vibrations in "the luminiferous ether', how could there 
be a separate, sharp line, representing a quite definite frequency of vib- 
ration? The new discovery presented difficulties in theorizing that were 
not overcome until the latter j>art of the nineteenth century, and finally 
in the twentieth. But this did not prevent the new spectroscopes being 
used tor chemical analysis, although lliis, too, took a w hile to be realized 
(.see Chapter 12). 

The first recorded obscr\ ation of lines in the spectrum from the Sun 
was publislied in 180i2 by the English physicist, William Hyde Wolla.s- 
ton (1766-1828). He had been measuring refractive and disjx'rsive 
powers of glasses, and noticed that there were some dark bands crossing 
the colours produced by his prism, with the light source in the f»)mi 
of a narrow slit. Wollaston completely misunderstood the implications. 
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for he dtought die faandU were the divisions between the 'fundsmental' 

colours a distiiK tly Ari^totfliati view. Tin- niati who made tlu- vital 
connexion - though not explanation, that came mucti later was Joseph 
von Fraunhofer ( 1787-1886), who noticed, while making his study 
of optical glass, hundreds of fine lines crossing the Sun's spectrum. His 
paj^er, published iti isiT, was futitlcd: "Tlic tlrtfmiination of tlu- 
refractive and the dispersive powers ol dillcrcnl ki»ids ol glass, with 
reference to the perfection of achromatic telescopes.' 

Fraunhofer made the vital connexion of the double dark line in the 
yellow-orange part ot the spectrum w ith the bright line pair in the light 
emitted by sodium, when salt is put into the flame of a lamp. This 
line of research was taken up soon after by David O^wster and John 

Frederick William llerschel i' 1 T'».' ISTl ). Init hotli men were quite 
unaware of the work of Fraunhofer until after their own publications, 
whidi were in 18S2. Five years later, Herschel nude the proposal that 
the lines from the Sun and stars were produced by absorption of light 
In the same elements as the corresponding; bright lines in emi.s.sion 
sjX'Ctra, and that liere was a sort of tingerpriitt' for the molecules and 
atoms. Although the medumism proposed by Herschel was not the final 
one, he had encouraged other investigations. ntHahly that of Foucault 
who published in IH M. It also encouraged tlie de\ t'lopment and use 
of prism spectroscopes to analyse the light Iroin stars, and so started 
the new division of astro-physics. Some of the instruments were large, 
employing uji to tet) prisms to increase the disix-rsion ^If" 

Science proceeds by leaps of the imagination, by accident, and by 
the sheo" hard work of making exact measurements. It was the last 
approach that has made the name of Angstrdm known throughout the 
siii'ntifk world .\nders lonas Angstrom (|K14 74 1. a physicist and 
astronomer at L'ppsala University, Sweden, showed, in \Ho:i, that tlie 
spectrum of an alloy consisted of the combined spectrum of ^ constit- 
uent metals. He also equated emission and absorption s|KTtra by using 
the mathematics of resonancx?. Having iKH-ome interested in this branch 
of physics, he spent the years 186'1-U in a most meticulous study of 
the dark lines in the Sun's spectrum, mailing over 1000 lines, and 

detcrinniiiig ihe wn\elength dfiji li one For this work he used difTrac- 
tion gratings made by the German technician Friedridi Adolph Nobert 
(1809-81). The grating allows exact calculation of a wavelength, 
which die prism does imt The gratings consisted of some thousand 
lines ruled on glass hy .i diamond in the space of 'J.') mm square, 'Hie 
wavelength of a spectral line is then j)ro|K)rtional to the repeat distance 
between the ndings on the grating, and to the angles of inddenoe and 
difTraction of the light passing through the grating. Angstrom 
expressed his measurements of wavelength in the units of one ten mil- 
lionth of a metre, so that the sodium lines are 5896 and o8yo angstrom 
units ( which is the internationally accepted name far the unit ) . 

These measurements of wavelength, being so fine and exact, showed 
up the need for highly accurate basic standards of measure. It was found 
that the standard metre at Uppsala University was slightly longer than 
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[[I Helmholtz resonator bank. All the brass resonators are stani|x;d with 
the Koenig monogram R K, and they are numbered from 2, the largest, to 20, 
the smallest. They are also stamped with their resonating tone : e.g. numbers 
2, 3, 4- I'Tg, soLg, UT, . number y RE^; number 20- Ml^. Base 
9HO X s*5 X 1 50 mm. 
c. 1870. Teykr 's Museum ( 3*7). 



« 




l^x]] Uranium glass used to form candle.sticks ( height 220 mm ) , goblet 
(height 150 mm), discharger (length SCO mm), and cube (31 mm).l"hey 
fluoresce in daylight and by an electric discharge. 
c. 1865. TeyUr's Mustum (596). 




^XQ Colour disks, and machine to rotate them. Probably made in Italy for use 
at Pavia. 

c. 1 865. Pavia University (2035 ). 
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[[20 Direct vision ijpectrosfope. signed : 
/Idam Hilger London. Designed by George 
D. I>iveing ( I H27- 1 »!24 ) and Sir janu-.s 
l)ew ar ( 1 H-H2 1 5J2.i ) . The niirronieter 
wheel is divided O-lOO by oiws. Calibration 
(or wavelength is made by using a standard 
spectrum, sudi as iron. Height to trunnions 
•too mm ; overall length +5.^ mm. 
c. 1880. ff 'hi/fle Musrum (t3o3). 




was thought ; it was assumed to measure 999.8 1 mm. but in fact it mea- 
sured 95)9.94 nmi. This discrepancy becomes very important wiieii mea- 
suring to tile atomic scale, and it is nowadays avoided by taking the 
Standard of length as the wavelength of a particular line in the spectrum, 
and working upwards rather than downwards. (See Chapter 3. ) 

The name particularly associated with the grating is Rowland. 
Henry Augustus Rowland {lfi4H-l9C)l) was prt>fessor of physics at 
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(^2si~ Achromatic telescope, si^ed : 
DOLLOND LONDON. The telescoping 
struts arc to prevent tremor of the image. 
Overall length 1 1 ao mm : aperture 70 mm. 
c. 1 820. MttSft d 'Histoirf des Sciences 
(770). 




Johns Hopkins University, Baltimore, where, after 1880, he concen- 
trated hi.s efforts on the problems of ruling extremely fine gratings 
on metal. He remapped the .solar spectrum, with wavelength measure- 
ments ten times more accurate than before. In 1 890, at tlie Paris Exposi- 
tion, he was awarded a Gold Medal for the gratings and the map. More 
than a hundred of the gratings were sold at co.st to physicists throughout 
the world, and there were also replicas made for demonstration pur- 
poses. A brilliant innovation made by Rowland was to rule the gratings 
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till u concave metal suriace, wliich tucunud tiic spectra, giving better 
sharpness than a lens, and being equally effective for ultra-violet and 
infra-red. The Rowland gmtinus l)ec;)tiK- the standard instrtunents for 
spectroscopic work diroughout the world. 

The Tele.scopi' 

Hie refracting telescope and the compound microscope were invented 
in about 1600 by spectacle makers working in Mlddelburg. a town 

in The Netherlands. Their development was hamjiercd by the p*K)r 
quality of tlx- glass availabK- for making luiiscs. Tliis was rrequciitly 
marred by air bubbles, and wa.s ditticult to make completely homo- 
geneous, because the temperature of the furnaces could not be raised 
suflidently high. In addition, specific techniques for producing high 
quality optical glass had tt> await di'VL-lopnieiit in thr early nineteenth 
century by Jo.seph von IVaunhoter, working in .Munich, and, in the 
18808, 1^ Otto Friedrich Schott (1861-19S6) m Jena. A oomfdetely 
difi'eretit defect in the (jualitv of the image seen in the tek'se<i[x- and 
microscope was produced by the use ol lenses themselves. A straighttor- 
ward convex lens will produce coloured fringe round the image, a de- 
fect known as chromatic aberration. Because the surface of a lens is 
part of a .sphere, spherical abcrrarion ai'-o orrurs The problem of chnv 
matic aberration in tlie objecti\e len^ ot the telescope wa.s solved in 
1758 by John Dollond ( 1706-61). He discovered that a correction 
could be made by using two lenses to form the objective, eom|)osed 
of crown ^as.s and flint glass. These two typt's of glass have ditt'erent 
refractive indices, and ditiercnt degrees of dispersion, atid, w hen com- 
bined in a certain way, the coloured fringes are cancelled. In theory, 
the same correction was possible for the mx ro-eope. bui ilie tiny lenses 
used as objectives presented tectinical problems that were not .solved 
until the ISOOs. Because of the problems of poor (juality glass, as well 
as image blurring, the iiio.st eHcctive telescope during the eighteenth 
century w as the refle( tor. u Inch used mimmrs of polished metal, iiand- 
dtaped to the correct cur\ ature. 

By paying particular attention to the quality and choice of glass, and 
the way in which it was ground and polished. Kraunhofer was able to 
make powert'ul refractitig telesco|xs in the years around 1820, and he 
also made some remarkable compound microscopes. His improvements 
were vital for instruments used by astronomers, but less important for 

the majority of users Tlicrc vva-. a larjjc professional mnrkot for teles 
copes, that were needed by seamen, coa.stguards, soldiers, and in parti- 
cular by die FVench in dieir semaphore telegraph service. Towards the 
end of the century handheld binocular telescopes were popular, because 
they were less tiring to use, and were [>raeiieal for explorers and for 
military reconnaissanw. The so-t:alled (.ialilcan type ot refracting 
telescope, which has only two lenses, one positive and one n^ative, 
developed in the nineteentli century ir'.to binocular Opera glasses and 
field glasses, some of the tortncr iK-ing very urnaic. 
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IJiiiJ Tbn-v naval telescopes, signed: P. J. 
Ktppen Z,n te Delft. Three-drawer, brass, 
covered in leather. There is a pull-out shade 
for the objective. After the death of the 
founder in 1 864, the firm took the alMivt- 
name. Length closed ; iSO mm ; apiTture 
38 mm. 

c. 1870. Tfyln'i Museum (aSfi). 



[|243 Reading telescope, signed : Strinheil 
in Munchrn. N" •'fi+.'j. 'ITif right-angled 
prism makes use easier when reading scales 
with the telescope horizontal. Karl August 
Steinheil { I SO 1 -70 ) founded an optical 
workshop at Munich in I85'K Ov-crall 
length Hi mm : height iOa mm ; aperture 
27 mm. 

c. J 860. Trylrr's Museum (HSfi). 
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Qfifi]] French bincKular telescope made of 
aliuniniuni and covered in black leather. 
The objectives ( mm ) arc triplets, each 
signed in ink on the rim : Ix?niaire. llie 
eyepieces are Huygenian, and there is a 
further plano-convex erecting lens. 
Founded in 1 847, the firm was named 
Baillc-Lcmaire by the end of the century, 
(>\'erall length closed, 210 mm ; open for 
us€,f. 295 mm. 

c. 1 890. Muieum of thf History o f Science 
(78-20). 





The Microscofye 

The job of a microscope is to reveal fine detail to the eye. The aim 
is to be able to see two small spots, or two lines that are very close 
together, as .separate entities, and not as one larger sjwt or one wider 
line. It is the distance apart of the spots or lines which is called the 
resolution distance. 'I"he early compound microscope could resolve no 
better than 10 nucrometres (o.oi mm), whereas the limit of the 
modern optical microscojx- is about o.'J micrometres, or ."><) times belter. 
Magnification is necessary, but is not tlie complete story, as beyond 
a certain point magnification alone will not help to increase resolution. 
If the lens system is not well designed, then 'empty' magnification will 
result. 

Early in the nineteenth century there occurred a great deal of pro- 
gress in improving machine tools, and in the accuracy of scientific 
instruments. The microscope was an exception, for it had fallen behind 
the telescope through failing to benefit from the improved achromatic 
lenses introduced by Dollond in 1758. Such composite objective lenses 
were first produced commercially for the micro.scope by Harmanus van 
Deijl { 1738-1809) in Amsterdam, during the first decade of the cen- 
tury, and during the second decade by firms in Paris and London TaGj. 
.At about thi.-j time imptirtant developments wcrt- takinp place in CJer- 
many. In I806 Kraunhofer joined the scientific instrument-making firm 
of Utzschneider, Reichenbach & Liebherr; by 1809 he was manager 



Compound achromatic microscope, signed : Harm', van Deijl Inv: tt fecit 
Amsterdam. Marmanu.s van Deijl (1738-1 R09 ) made the first commenial 
achromatic microscopes, and only six are known to exi.st. The Museum paid 
Dfl. 200 in 1 808 for this irjstrument. Ov erall height 353 mm. 
I808. Tevler s Museum (Hh'n). 



[27^ Reflecting mitToscope, signed: .V.7; 
Rifnks, Provinaf, Vrtesland. 1 826. Signed 
on the hack of the mirror . S. I .K. 1 8'ii2. Syds 
JnhaiiiH-.sz Rienks { I770-184.'i) was well- 
known for his telesco|K'.s. Height .')4.'> nim ; 
barrel diameter IO,5 mm. 
182A. Teyler s Musrum (330). 




[iHj The barrel cap and the primary 
mirror (diameter lOiJ mm ) from the 
Rienks reflecting microscope. 





of the optical workshop and, by 1811, director of glass-making and 
a partner in tlie fimi. Tlie initial success of his improvement of optical 
glass was in the design and manufacture of large objective lenses for 
the telescope, but this was soon followed by impro\ ements to micros- 
cope lenses. What FYaunhofer was producing around 1817 was at least 
a generation in advanc-e ot Knglish microscopes of the same period. 

Some microscopists had, however, despaired of bettering the com- 
pound microscope, and other possibilities were being explored. One 
of these was the reflecting microscope, produced by Giovati Battista 
Amici { 1786" 18G8) in Italy, by Syds J. Rienks (1770-1845) in the 
Netherlands jil & 28j, and by John Cuthbcrt ( 1783 18.54) in Ixtn- 
don, all in tl)e mid- 1820s. Another scheme was to obtain nmre powerful 
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[29] Horizontal microscope, signed : 
Microscope Achroinatique L'niverscl 
tmvntepiir Charles Chnytlifr Ingenicur 
Optitien, Palais Koyal \<i't u I'aris. C'tiarlt-s 
Chevalier ( IHOI- .'59) suixfccli-d his father 
in IK4I and continued to produce similar 
microscoix's. Height 250 mm ; base 
diameter i ih mm. 
c. I H+.l. H 'htfiplf Musrum. (90H ) 

l30j Inverted compound microscope, 
sighted : Microscofun di F. Piiant A. Poggitili 
Esfgui Firfnzf. Filip|x> Pacini ( 1 H ItJ-H.S ) 
graduated in medicine in 1 H-K), and from 
1 859 he taught microscopical anatomy at 
Florcna*. I Iv designed his own 
inicruscupes, including an erteU one In 
1868 for chemical use. Height ^50 mm. 
c. 18fi8. Musre d'llisloire dfs Sciences 



simple lenses by making them of materials of high refractive index, 
such as diamond and sapphire. Such lenses had limited success until 
the situatiun was transfunncd by tiic patient wurk uf Joseph Jack»un 
Lister ( I7H6-1869), a wine merchant in the City of l,ondon. and the 
father of Lord Lister, the surgeon. Josepii Lister's years of experiment 
led to a paper on the design of objective lenses that was published by 
the Royal Society in January 1830. Tlie improvements he proposed 
meant that the com[K)und microscope could forge ahead as a scientific 
tool. 

TJie microscope nianufacturers of Londt>n were, by the tiiid-tiine- 
teenth century, the most highly skilled in the world, due in large mea- 
sure to Lister's empirical work, which resulted in tlie first design of 
an optical system thai was scientifically based. Naturally there were 
a number of microscojx' makers working in London, and a great many 
who retailed, both in the capital and in the provinces. Nevertheless, 
there were three makers who were pre-eminent, and who started firms 
that continued right through the cetitury, and even beyond it. These 
three men were: Andrew Koss (17.08-1859), Hugh Powell 
(I79y-1H83), and James Smith (d. 1870). Ross established his busi- 
ness in 1 8.S0, and by 1 8.^7 had an addre.ss at Regent Street, I'icxadilly . 
?Vom this date until 1 841, the signature on his microsco|ies runs: 
'Andw. Ross & Co.', the 'company' being J. J. Lister, who collaborated 
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L-S 1 " C\>ni|x)un<l microscope, si^^ed : 
J. Spencer Maker Ut Aungirr S*. DL'BLIS 
Height +IO mm, 
c. XSIO. Prnvtte collection . 

Compt)und tTiicrt>scope, signed: 
TOLLES BOSTON. The foot and limb arc 
of iron coated with black enamel. RoIhtI B. 
Tolles ( 1 825-83 ) was in charge of the 
Boston Optical Works, Massachusetts, 
from 1 867 to 1883. Overall height 400 mni. 
c. 1 875. Museum of the History of Science 
(H44S). 



with Ross in the design of the new J incli objective. Tliis objective was 
composed of three adironiatic doublets, arranged at specific distances 
from one another, so that spherical aberration was eliminated. Because 
such lenses were capable of much greater resolution and clarity of im- 
age, the optical tube had to be much more firmly mounted to avoid 
tremor. This led to a transformation in the design of the microscope 
stand [xM, facing p. 176]]. 

In the 1870s the Jena L'niversity professor, Kmst Abbe 
( 1 8-K)- 1 .905 ) , w ho w orked closely w ith Carl Zeiss ( 1 8 1 6-88 ) , the Jena 
microscope maker, studied the formation of the image in the micros- 
cope, following the new principle of physics that regarded light as a 
wave motion. Abbe worked out a formula for the resolution of fine 
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[[33]] Coniiwuiid micmscopc, signed : 
SEIBERT & KRAFT WETZLAR. Height 
closed f. 350 mm. 

c. 1880. Musre d 'Histoire dfs ScitncfS 
(119). 

[3+1 Pftrological n)icrosco|X!, signed: 
THURY & AMEY GENEVE. Fittedfor 
Studying crystals under |x>larized light. 
Height .S70 mm. 

c. I syo. M usee d Htsloire des Sciences 
(?oi). 



detail that is now famous : </ = — '- — • 

\lfi sin 0 

d = separation of detail ; /. = \va\ eU-ngtli «)f"the light u.sed ; « = refractive 
index of the space between the object and objective (for air=l); 

= half the angle of the light cone entering the objective, llie product 
of n sin 6 is known as the Numerical Aperture (NA for short). The 
N A is the measure of the resolving power of a lens, and it is tlie figure 
engraved on all modern objectives, together with the magnification; 
for example, W x (magnification), 0.65 (NA). As a guide, the mini- 
mum total magnification for a good mtxleni objective has to equal !265 
times the N.A, otherwise full resolution will not be achieved. 

If a fluid is put between the object and the objective (and the sanie 
fluid must be placed between the condenser and the underside of the 
preparation slide), then the refractive index will be greater than 1, 
and the NA thereby increased. For water, n= for oils, «= 1.4 to 
1.6. Abbe's tlicory, published in 1877, showed the reason for using 
oil immersion to get the most out of high-power objectives, and spec- 
ially made objectives for use with oil have been available siiKe about 
1880. 



laterial 
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L.H53 Ophthalmometer or keratometor, 
signed: N A C H E T E T F I L S / 7, rKi- 
St. ShvriH, Pans. This iy|)f ol ieistrument 
was the invention of Jesse Kanisdcn 
( 1 735- 1 800), to c-xaniitK- tin- lomea of the 
eye and its aorommodation. lliere is a head 
support and a microscope ( short-focus 
telescope ) . Later, the instrument was used 
to measure the radius of cur\ ature of the 
anterior corneal surfatx-. C'amilleSebastien 
Nachet ( 1 799- 1881) founded his firm in 
1839 and he moved to the above address in 
1863. Length of microscope : aao mm ; 
overall height +30 m, 
c. 1 870. Museum Boerhaax* ( aow ). 




It was as a result of the remarkable combination of Abbe, Zeiss and 
Schott, an outstanding optical scientist and two outstanding technolo- 
gists, that Jena became the centre of the optical instrument-making 
trade, especially for microscopes, from the late nineteenth century until 
World War I L 

Photographic Instruments 

Without photographic emulsions a great part of modern science could 
not exist. To the astronomer, photography is essential for the detection 
of verj' faint stars and of movement between stars, while the microscojv 
ist needs to record his images without the interpretations and omis- 
sions of drawing. The scientist is indebted, therefore, to the |K)pular 
appeal of photography in the second half of the nineteenth century w Inch 
helped to develop the subject so rapidly- The popularity widened the 
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£SS'2 Solar miiTosiopf. signed ; Ilaus, 
Usboa. 1 8-K). TliL- sun was the most 
a>nvciiicnt, intense source for projecting 
microscope preparations until the 
introduction of oxy-hydrogen gas, and the 
electric arc J. B. Haas ( 1753 182H) moved 
to Lisbon from I^ndon in 1 800 and his 
business was continued after his death by 
his nephew , Joao Krwlerict) Haas, until 
1865. Plate 159 x 158 mm: overall length 
of tube from plate +40 mm. 
IH40. Teyler's Museum ( Isi29 ). 




market for optical glass and lenses, which were made by the same factor- 
ies as telesco|ics atui microscopes. 

William Henrj- Kox Talbot ( 180O-77) made his first experiments 
in photography using a camera obscura (see Chapter Wi). Tliis was 
an ancient instnunent. used for drawing. It gave a name to the modern 
camera, which differs very little IVom the original in principle. Pho- 
tography depends much more on photo-chemistry than on optics and 
optical instruments, so the history from iw-K), after the first sucrcssful 



Engraving of a 'Scientific and 
Experimental I.antem No. 1 by W. C. 
Hughes, Kirigsland'. This is intended for 
projecting demonstrations onto a screen, 
hence tlie erecting pri.sm. 
1888. Thf Indispensable Handbook' to the 
Optual Lantern, edited by W, D. Welford 
and H. Stumiey, p. 127. 
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[S8j Signed: The NATl'HALISTS" 

CAMERA Rowland Ward & Co. 

Naturalists to the Court Ififi PICCADILLY 

LO N DO N . Made of mahogany and brass, 

thecanu ra takes I'i glass plates, 

SO X so mm, which are held in a magazine. 

Front 1 27 X .90 mm ; depth 9.5 mm. 

c. 1 885. Museum of the History of Science 

(66-17S). 




permanent images were demonstrated, is that of improvements in the 
sensitive emulsions that were to receive the image. In 1851, Frederick 
Scott Archer (1813-57) invented the wet collodion process, which 
lasted for some 40 years. The next step was rather slow; the gelatin 
dry plate was invented in 1871, but it was not sufficiently effective until 
the late 1880s. After this came the new era of the hand-held camera 
and the snap-shot ; the first Kodak box camera with celluloid roll-film 
was manufactured in 1 888. 
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Our doctrine of the iMdstime ts i ntttradktory of most of the ftrinaplet and 
(ixtoms of the Greeks. Nor hare tiv hrnu^hl into the nork ijny gnires of 
rhetoric, any verbal ornateness, but fuii'e aimed simply at treating knotty 
tpustWHS about tohiek little is known in sack a style and in suck terms as 
art needed to make what is said clet^ly intdl^Ale. 

Willum Gilbert ( 1600) 



I'hc greatest scicntiHc achievement of the nineteenth century was the 
discovery of electro-magnetic phenomena, and the theoretical explan- 
ation of them. Tliis led to the produttion of elertric power and electric 
liji;ht, to the electric telegraph, and eventually to radio - indeed it was 
the basis of modern technology. The essential unity ot magnetism and 
electricity wa« proved experimentally in the iSSOa (see below). How- 
ever, the topics will be split hetwt'fii two (luiptcrs for practical coinc- 
nicnce, even though, for most oi the century, any distinction is bound 
to be arbitrary. 

Up to the end of the eighteenth century electricity and magnetiion 
could legitimately he regarded as separate studies. Elc< tricity was the 
etiect produced by fnctioti, usually by rubbing gla.ss with leatiier pads. 
The word itself derives from the Greek, 'elektron', meaning amber, 
and it is generally held that Thales of Miletus in about 6'00 bc was 
the first of the Greek philosophers to discover the attracti\ e jwwer 
of rubbed amber, that will cause small, dry particles to stick to it. Such 
was the phenomenon of static electricity, which was known about, but 
remained unexplained until tlie nineteenth century By the end of the 
previous century, current electricity had also been discovered (see 
Chapter 11). Knowledge of magnetism is also ancient; the name is 
thought to derive from an area in eastern Europe where magnetic rode, 
which wriv i :illc<l InrlcvtoiK", u:is l<>u>uti tn t'\isf I .<«lestone attrartjs 
iron, and this tticct again was ianuli.u', but inexplicable, to classical 

philosophers, who regarded it as magical. 

'Ilie first scientific study of magnetism was puhlished in 16"()0 by 
William Gilbert ( 1540-160»), physician to yueen Klizabeth 1 of I'jig- 
Ittid. This work, entided De Magnete, the product of eighteen years 
of experiment, is a classic of scientific methodology. Gilbert made a 

model «if the Ivarth in K)destone, w hich he calli il a terrella, and he was 
the first to apply the nante, pules, to the ends of the con){>ass needle. 



Copytiy 




^1] MagiH-iKU-ahinet, signed: U'.&S. JO\KS.'iO IMhorn Umdon. The 
equipment follows clost'ly tliat desmbed by (ieorge Adams, Jr, in his An Essay 
on F.lft tnaty ( 1 "x-l- ) and Iji tum on Natural and Ejcp«rimtntal Philosophy 
(1794). 

c. IHIO. Scifm-f Miisfum ( I'tSfi hH ). 
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l)c< ;iUM- tliry fx>ititc<l to the I'<>U-> i>t th«- l\urtli. In l.'iTfi l{i)ln rt Norntan 
(oiistriu ted tlic Hrst Ui]>j>iiig needle, which was able to measure tlic 
vertical component of the Earth's magnetic field (see Chapter 14). The 
scientific term for li>dest<itie is inauiietitc. or magnetic iron oxide 
(KeaO+), whicli has a strong attnmiv e |>ower for iron, and was tlicre- 
fore a mysterious and fearfid force that obviously lent itself to demon- 
stration. The demonstration is that of supporting weights, the bigger, 
the more tlr;)tii:itic. A piece ot' iiutj^nctitt will support its own weight 
of iron, and su a large piece will support the weigiit of u iiuiii It v\as 
also discovered that artificial magnets cotdd be made f>\ usin^ magnet- 
ite to give |x'rmanent magnetic power to pin i s ot ordinary iron, and 
this was the mi-tlioil i;et)iT;ili\ followed in tlie production of tnai;netic 
needles for comjwsses (see C'iiapier 1 + The familiar horse-shoe- 
shaped magnet brings the two poles adjacent to each other, and thus 
increases the attractive power and the weight-supporting capacity. In 
the late eighteenth century powdered iron came to be used in the mak- 
ing of magnets. Apuvt from the im|X)rtant geodetic and navigational 
use, magnets in bar form were sold in kits for teaching and demon- 
stration. One of tlicsf was to show what were calli'd tlu^ lines of ton e. 
A piece oi stiU paper, or a slieet of glass, was laid over a bar magnet, 
and on the surface iron filings were scattered. These then arranged 
themselves in .symmetrical and well-definc-d lines and curves, which 
Karaday t alk'il lisies of forci-, correspondini!; to tlie lines of force I'f the 
Earth itscll, as established by the use o( the diiwictrdle in field cxikt- 
iments. 

ELECTRON AGNETISM 

The branch of physics that deals with the relationship betvv een electric- 
ity and rnai^ncti'-i;!. w ln-n hy a masTnctic field is product'd by an electric 
current in u w ire, is called eleciromagnetism. What proved to be one 
of the most far-readiing discoveries in the world originated from the 
observations of the Danish professor of natural philo.sophy. Hans Chris- 
tian Ocrstt-d I 1 77T-I8.'5 1 ). it iiuist l)f ])ointed out that C'harlt s Augus- 
tin Coulomb ( 17.'J6-I806) in die IThOs had proved' that electricity 
and magnetism were two quite distinct types of matter of fundamentally 
different natures. Their was no ([uestion of one turning into the other, 
so to speak. Oersted, through absorbing the philosophical ideas of 
Immanuel Kant (1724-1804) thought in terms of the conversion of 
for< es 1 le predicted in ISl.S that a fine wirecarryinjv an electrij- current 
would have a magnetic' field, but his professorial dmiev pi i. \ cnti-d him 
Irom designing an exj)eriment to test the j)o,ssil)ility (a delay of .seven 
years that seems rather extraordinary ) . The actual discovery was made 
in the spring of 1820, during a lecture demonstration 'Hie current pnv 
duced by a battery was led through a very thin platinum wire, which 
was placed ov er an ordinary compass, in its glass case. When the cur- 
rent was switdied on, the needle moved. He made f\irti»r tests, and 
found that a current-carrying wire is surrounded by a circular magnetic 



oopyiiytucu iiiaiuiial 



[i' Collection of apparatus to demonstrate 
the discoveries, during 1 K20-a.'j, of Andr^ 
Ampere ( I77.'f-I83fi) on the 
electromagnetic properties of a current in a 
wire. Signed: K. Durrrtfta Paris. 
1892. Teyler's Museum (H30 ). 





[Sj Electromagnetic terrella, known as 
Barlow's globe, signed: C. DfU'Acqmta 
Milano. The model Earth is wound with 
copper wire along parallels of latitude. 
When connected to a battery a magnetic 
field is formed, which can Ik; detii ted by 
compass and dipping needles, (Kenill 
height HO nmi; diameter of sphere 
1H5 mm. 

e. i8-K>. Pavia University ( 1961 ). 

1^43 Apparatus to show the eflwt of a 
magnetic field on the electric discharge in a 
rarefied gas. 'Hie coil magnetizes the soft- 
iron mre, which proirudcs into the glass 
ve.s.sel called 'an electric egg'. 'Hiis 
demonstration is due to the Swiss physicist, 
Auguste Arthur dc 1-1 Hive ( 1801-^73), to 
show the behaviour of the Aurora Borealis. 
Purchased by the Museum in 1 859 for 
Dfi. 5 t..'JO. Base i'lO x 1 76" mm ; overall 
height eeo mm. 
1859. Teyler's Museum (RfH ). 




C) !■ !• o s I T E : 

~.X I Ij t'om|X)und micro.si-t)|)e, sigmtl : 
AND*. RO.S.S & C'l, OPTlCI.ISS.rt Regent 
St. Pu cadilly. The first of the modern 
microscopes, with corrected multiple- 
lenscd objectives, a firm support to the 
body tube, and acvurate fiK^using controls. 
.Vndrew Boss { 1 799- 1 859 ) was at this 
address from 1837 to 1841, while he was in 
partnership with J. J. Lister, which accounts 
for the '& Co. ■ in tlie signature. Overall 
height 520 mm. 

c. 1 838. Museum of the History of Science 
(C69). 




field, This result was published in a paper dated 'Jl July l8i»o. P'rom 
this simple-looking experiment soon followed the epoch-making ideas 
of Ampere and Faraday. 

The true founder of electrodynamics, and the man who coined this 
name for it, was Atidri? Marie Ampere (1775-1836"). Immediately 
inspired by the discovery of Oersted, Ampfrre conducted a series of 
brilliant e.xperiments, the results being published in 1822 in Recueil 
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Nf afjiii-lii- .spai kliT, siglK-d : C. 
Dfll Anjua fnit in Milamt nrl IN4n "Xo.J S. 
ALsu lalM.'llf(l : Calainiu .sciiitillanu- ili 
Nobili. 'Pic coil isoscillatt-d rapidly 
iK'twcfii thf |M)lfs 1)1 ilie |>air<)t'ina^ncts, 
and iiKiuced currt'iits product' a .spark 
discharge. I>.o|>oldo Nol)ili ( 17k> isa.')) 
was professor of physics at Horeiicf from 
1 83 1 . Width a(Toss liack .'> I ( t mm ; depth 
t xcludiiig liandiiviHO mm; hciglil 27i> mm. 
JH4<). P<iiw UnnfTsiiy ( 1997). 



oppo.siTF. : 

I'roK'ctioii mitTo.sc<)|H'. signod: 
\V H K; H I ^ N R \V lOS's \' .\ I K N T 

SOLE .M.^h ^:Hs s usrrosi^i-" 

OPTICI.iS.S TO rilKlil KKS.'i, FIfet 
Street , London . 'I'Ir- four objectix e cans are 
signed: GAS M icRosfOI'K .Vrtc/owi^ ("'.' 
\n airom|iaiiving {Kimphlct is hoadcd: 'V\\v 
New I'atcnt Litm-ni Micr<>sco|>c, for 
Oxyhydrogi'ii or Klcctric Light. Ha.sc- Iniard 
.520 X i>i£.'> mm ; o\ era!! ht-ighl MvO nwn ; 
o\ frail U'ligili S(K) mm. 
f. IMS.'.. Teylrr'i Museum (7m). 

|~XIV' Group of ap|>aratus to illustrate 
Faraday '.s and .\m[H're'slaws (numlKTcil 
from left to right ) : 1. Horseshoe ntagiiet 
witii a jwirof .AmiH-n-'s buckets, sigiu-iJ: 
M. H)0 EM AN fit it AMSTERUAM.'lhe 
"buckets' are small galvanic batteries that 
rotate round the \ni\vs of tin* magnet by 
which tiu-y are Nupp<)rted. (herali hi-iglit 
IJ»o mm ; i»ase l lio x ;»;* mm ; 1. A 
demonstration of the effect of heat on 
magneti/atiori. Overall height I\J.'> mm; 
ba.se diameter f>(> nun ; :i. .\ rex olving 
iiiiigiiel, n hit li i.N turned by lliv turreiil 

circulating in the central uiil. A 
demonstration af ter William Sturgeon 
( 1783 1 8.50 ) destri bed in l«3i.'. (Kerall 
height ii.'itt nmi ; Iwse diameter x.'> mm ; 
1. .\ ]>air of t-op|)er-wire iielices that contra- 
rotate around the [loles of the supporting 
horseslu)e magnet. ( herall height 'iUH nun. 
r-. I s+(>, Teyler s .Museum (fi.'t9, tTl,f)fA), 




d'ubsen'dtums electrodynamufue.'i. The Ai-aciomie des Sciet)ccs in Paris had 
recfi\ed the news Inmi Denmark on 1 Si>piembtT IS'JO, ami tlie mem- 
bers could scarvt'Iy lielieve thtr trutli ot the repirt, chiefly becau.sc of 
Coulomb's long-i-stablishetl proof of the im|)i)ssibility • AmjHTe tlid 
beliex e, and |X'rtonne<i his i xperintents. coming back to the .Acailemie 
on 18 and li;') Se|>temlxT an<l » (Xtober. He showed: 
I . that two parallel w ires carrying currents behave like magnets ; 
ii. tiiat a solenoid, which is a wire coiled intt) a cylinder, lieliaves just 

like a magnet, and will suck aii iruti net-dlc- iiitu the niiddlc ut the 

coil: 

.i. that a current-carrying wire w ill behave like a magnetic needle; 
4. and that the magnetic eflect in a bar ot iron is the result of currents 
of electricity around the molecules, ami that these niokt ules could 
be aligned (this followed a suggestion from his friend, Kresriel). 
Betw eeti I8'20 and 1 8'i;'> Ampere produced his electrodynamical theory 
of the nature of electricity. 

The law^ relating the resistance in a circuit, and the voltage and cur- 
rent strength, was formulated in 1H27 by the CJeniian physicist CJeorg 
Simon Ohm ( 1787 !8.'> J-). Ohm's law, taught in every school, is that 
the current is proportional to the \oUage and inversely projiortional 
to the resistance, evprosspd thus: I =F./R For measiirinp the stronnth 
ofelectric currents and for verifying Ohm's law s of flow , S«'r\ ais Math- 
ias I'ouillet ( I790 186'K) ititroduced the tangent and sine galvan- 
onK-ters in 1887. With the current flowing in a copper hoop or in a 
coil of w ire, a compass tieedle at the centre was deflected by the magne- 
tic field associated with the current in the hoop or coil. Hie strength 
is proportional to the tatigent of the angle of deflection [^x\ , facing 
p. 192j. In the case of the sine galvanometer [Gj, the coil and scale 
are rotated to keep the needle at zero. 'Ilie current is then pro|K>rtional 
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"6] Sine galvanometer, sigiKxl: «■ M 
LoaEM.iShWit, II.^.^H!. K M.'llVts type of 
instrument wasdi-vised in IK.S7 by Pouillet 
I'ornieasuriMg electric currents. The needle 
is kept at zero by rotating the coil, the angle 
being read off a scale on the base plate, 'llu.* 
current is proportional to the sine of this 
angle. Overall height I- Ki mm ; Ikisc 
diameter ^i2(> mm. 
f. 1848. Teylrr's Musfum (ffHo). 



to the sine of the angle of rotation. Tills fomi caji be made more sensi- 
tive than the tangent. In 1840 Wilhelm hxluard Wcbcr (1804-91) 
defined the absolute electromagnetic unit of current in terms of the 
deflection of the magnetic needle of a tangent galvanometer. The term 
■weber' was agreed internationally in lysa for the |)ractical unit of mag- 
netic flux. 

'Hie nineteenth centurj* has a number of self-taught inventors and 
scientists, and among those whose contributions were significant in the 
field of electromagneti.sm, were Sturgeon, Barlow, Faraday, and 
Gramme. William Sturgeon (1783-1850), son of a boot-maker and 
apprenticed in that trade, ajid later a soldier, who studied science off- 
duty, while stationed in the artillery at VV'tx)lw ich, acquired the techni- 
cal skills to make appratus, and to lecture to a variety of audiences. 
In \H'2f> he received a medal from the Society for the Kncouragement 
of the Arts and Manufactures for apparatus to demonstrate effects in 
electromagneti.sm, and, in particular, for his invention of the electro- 
magnet. Sturgeon took the wire cylirtder or solenoid of Amp^'re and 
inside it lie placed a bar of soft iron, which Iwame strongly magnetic 
while the current flowed in the coil of wire. By putting the iron in the 
form of a horse-shoe, the lifting power was increased. In America, 
Joseph Henry ( 1707-1878) began his researches on electromagnetism 
in 1827 by imprt)ving the insulation artd windings of such a magnet 
to the point where it would lift .SOOO pounds weight. In 18S2, indepen- 
dently of r-'araday, he discovered self-induction. 

Peter Barlow ( 1776-1862) was from a well-to-do family, but was 
self-taught scientifically. His work on magnetism led to his election 
to the Royal Society in \H<2S, and in \ii'2:>, he attempted to make an 
electric telegraph, but the insulation was not etfective. Barlow's name 
is associated with a demonstration piece known as Barlow's wheel [Ij. 



1^7] Barlow's wheel, to show the principle 
of the electric motor. 'I'he star whi-eldips 
into a mercury trough between the magnet, 
so that when a current flows through the 
wheel it rotates. Named after I Vter Rarl(»w 
whodex i.sed it in I82d. Purcha.sed in IHMi 
by the Museujn tor Dfi. l.'t.tio. Base 
160 X 78 mm: height l«H mm. 
Itt5e. Tnirr s Mmeum (MH ). 
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QtQ Wlieatstonc's electrit telegraph, 
signed: WATKINS & HILL.5 CHARING 
CKOSS l,()N DON. the- 
contniutiicatur; Right, t)ieulpliulK-t dial 
telegraph. This form of apparatus was an 
improvement made in I «+o to the original 
of IK.iT. It was fa\<>uritl hy teachers; str 
J. H. I'ep]>er, Cyclupaedu Sarme ( 1H69), 
p. •Via. l^ft: base 17H X UKJ mm: height 
I60 mm. Right : base a(H x l a.i mm ; 
height ii-K) mm 

c. 1HI'». Ttyler s Musrum ((i7G.675). 




This consists of a light copper disk cut with star-shaix'd teeth. 'Iliis 
rotates in a vertical plane, and the teeth just dip into a trough of mercury 
which lies between the poles of a horseshoe magnet. When the wires 
from a battery are connected to the supjxirt for the disk, and to the 
mercury, tlie toothed wheel rotates, and the direction depends on the 
direction of the electric current. This apparatus illustrates the action 
of .some of the electromagnetic machines, sucli as Gramme's. 

The time w as riix- for the development of the electric telegraph. Not 
only did the rudiments of the technology exist, but there was also a 
powerful economic need in the form of the railway network that was 
begun in Britain in about 1S.S0, and which, by iSfiO, had coverwl most 
of the country. The race was won by two men wlio, having started 
separately, came together in 1 HS7 to patent and de\ elop the first practi- 
cal electric telegraph Q8j. These were Charles Wheatstone ( 1802-75) 
and William Fotliergill Cooke ( 180G 19). llie first line was laid into 
the new Euston station, and opened in 1837, the year Queen Victoria 
came to the throne. Thirty years later, there were 90,000 miles of tele- 
graph wires, and SOOO public telegraph offices, transmitting six million 
messages a year. Ixindon and Paris were linked by 18.')'i, India joined 
the network in 186'4, and America in 1866". 

The Wheatstone-Cooke telegrapli works by using a battery of chem- 
ical eell.s ti> prt>\ i<K- the turreiit, a tircuit-brcukiiig key to be u.scd 
by the .sender, a transmission w ire, and a receiver that consists of an 
electromagnet. This is energized by the sender's signals, and moves 
a pointer. With a system of short and h>ng key contacts, or by reversing 
the current to swing a needle to the right or left, a code was built up 
to represent the alphabet and the numerals. 

Quite independently of Wheatstone, the American artist, Samuel 
Finley Breese Morse ( 1791-187^) acquired an interest in things elec- 
trical, and, on returning home from Europe in 183a, he thought of 
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[f»j Michael Faraday in tlie I Hfi( »s. I le 
established theioninion identity of all 
tbrms of electricity distinguished in his day : 
voltaic, conunot), magneto-electric, 
ihemio-electric, and animal. By l«.ll he had 
laid the ibundations ol'tlie electrical 
iruhi.stries of the world. Museum ofthr 
History ofSciemr. 



a scheme for an electromagnet if telegraph. After a long period of solo 
development, he constructed a working model that could be exhibited 
in New York in 1837. He returned to Ixmdon the next year to patent 
his device, but his application was successfully opfxised by Wheatstonc. 
What he did achieve, and vindicated in legal action, was his invention 
of tlie electromagnetic recording telegraph. His name will always be 
renienilx'red for the Morse code, the arrangement of short and long 
signals transmitted along wires, and latiT used in wireless telegraphy. 

'Hie first electric telegraph cafwble of transmitting s|x-ech was the 
IKfj'l design of Johann Keis. This has been described, together with 
later developments, in Chapter 8. 

The electric clock {see Chapter iJ) al.so employs an electromagnet, 
and the first electric time-telling device was patented in 18+1 by Alex- 
ander Bain ( 1810-77), 

Michael Faraday ( I7f>l-I867) was the son of a blacksmith ^f*^. He 
was apprenticeil as a bookbinder, and, while repairing a copy of the 
Emyclopaedid lintdnnita, he rea«i the article 'Klectricity', which awoke 
a keen interest in science. He thetj began to teach himself, and was 
fortunate to be able to attend the meetings and lectures given at the 
City I'hilosophical Society in I^ondon. By a lucky chance, ho was recom- 
nu nded as a tem|H>rary assistant in 1 s i i to I luinphry I)a\ y at the Royal 
Institution, and eventually obtained a pcmianent position there. 
Though his interests were wide, he always kept his attention on electri- 
cal phenomena, and was therefore particularly struck by the di.scovery 
of Oersted. Faraday was able to demonstrate electromagnetic rotation, 
the conversion of electrical into mechanic^il energy, and this momentous 
di.scovery was published on 'Jl October IK'il, in a paper. 'On Some 

Nvs% I-^l<^-i IKr-Nta^iU'liial Nlulioiix, and on lliir 'ITit-iJiy Maj^nt- ti.-iin'. 

In 18,^1 he invented the electromagnetic generator, and with it the 
mtKlern electrical engineering industry. I'sing a large. jxTmanent mag- 
net, he mounted a copjuT disk to sjiin vertically between the poles. 
Two spring contacts pressetl against the axle and the edge of the di.sk. 
When the disk was rotated, an electric current was generated in the 
circuit connecting the contacts. During the next six years, Faraday went 
on to elucidate the laws of electrochemistry, and s]xx-ific inductix e capa- 
city, and he laid the foundations of field theory. 

Faraday made the further surprising ili.scovery of the connexion 
lietween magnetism and light (often railed the F'araday efl'ect). Wil- 
liam Thomson ( 18ii+ 1.'mj7, who became Lord KeUin in lKf>'i), wrote 
to Faraday on 6' August 18+.5. suggesting that he should try experi- 
ments with polarized light. On !.'{ September, just five weeks later, 
Faraday had found that if a piece of glass was placed Ix'tween the poles 
of a |x>werful electromagnet, and if polarized light was pa.s.sed through 
the glass, then the plane of polarization was rotated when the power 
was switched on. and the amount of the rotation depended on the 
strength of the magnetic force. 

Tlie fountlatiiiM <jf elei trical theory .so ably laid by Faraday was built 
u|K>n by the F.dinburgh and Cambridge mathematician, James Clerk 




QlO^ Example of the first electromagnetic 
generator, signed : Pixit Huf de Jardmet 
No. 2 a Pans. The design is that of Antoine 
Hippolyte Pixii ( 1 k()8 35 ) , who made the 
first model in his fatlicr's workshop in 1 852. 
Base 6' 1 .5 X SHO mm ; height I . I K m. 
r. 1 833. Museo di Sloha delta Scienza (.552). 




[ 1 3^ The Ciraiiimc elwtmniagnctic 
gcniTator, pr<Hlin-ing dirii t curri-rit. 
Prfseiitcd to the Academie des Sciences in 
July 1 87 1 , this model became the classic 
laboratory gemrator. capble o) prtniucing 
fi volts and -iH ani|xs. lliis wood en^rav inj{ 
apjx'ars in the sixth edition o\ Deschanel 
( IHKl ), and in the \Hiii Catalogufo\'V.. 
Ducrctet et L. Ix-jeune, who ottered it at 
«.T<) Iratirs. 



[[II' F.lortromagtK'ticgenerator. signed; W ATKINS & HII,L5 CHARING 
CROSS LONDON . 'n»isl'i)rm follows that ol'Karaday's discovery of 1831. 
Francis VV'atkins published in 1 8.S« a paper on 'electromagnetic motive 
machines'. He was from 1 H<iH curator of philosophical apparatus to I^ondon 
University, as well as a partner in the finn of W'atkins & Hill. Ba.sc 
-lOH X 2t24 mm. height ijaA mm.c. 1844. Teyler's Mustum ( 70l ). 

[ 1 i~ Electromagnetic motor, signed : w A T K I N s & H 1 1. 1. .5 c H a R I N o 
CROSS LONDON. Two annatures, each of four coils, are mounted on tin- same 
axle between four cylindrical permanent magnets. Base '26Y» x 1 75 mm ; overall 
lu-ight a.i,") mm. c. 1K44. Trylrr 's Musrum ( 679 ). 

Maxwell ( I H3 1 1 H7<> ) . One of the most brilliant of theoretical physi- 
cists. Maxwell s tragically slu)rt career fell into two distinct parts. Dur- 
ing the first 1+ years of his working life, he collected together all the 
electromagnetic forces in physics within one unifying theory, which 
he published as a Treatise on FJeclru it\ and \lagneltsm in 1S7.S. Having 
achieved this, he attempted to extend this unification to the entire field 
of natural .science, thus proving him.self the forerunner <»fKinstein. 

After Faraday had established the possibility of electric motors and 
generators, various inventors and instrument makers began producing 
different designs for practical machines, and alst> demonstration set 
pieces for teaching. 'Hie first ekvtromagnetic generator was made in 
I8.sa by Antoine Hippolyte I'ixii ( l«()H .'5.5) and consisted of 

a horseshoe magnet rotated under a pair of fixed coils. An alteniative 
design had a fixed magnet with coils that rotated, and was devised 
by Edward Montague Clarke (fl. 1804 Ki). an instrument maker in 
the Strand, I^Midon. William I-add constructed, in l«6"7, a dynamo- 
electric generator with two revolving armatures, and Charles William 
Siemens ( 18^3-83 ) published his version in the same year, and in 1879 
invented the electric fumace. But the most efficient machine, a genera- 
tor pn>ducing direct current, was the itnention of the Belgian joiner 
and mcMlel-maker, ZenolK> 'I'lu'-ophile Ciramme ( I S'ifi 1901 ), in 
IHfiy Ll.Sj. Some years later, he devised the continuous current dynanto 



^1 4J Klcctromagnctic model pump, 
signed : r E C N O M A S I O M 1 L A N O . 'Ilie 
elfctroniagnct attracts a bar tliat crank.s the 
wheel to the lift pump. Reciprocating 
motion is maintained by a niake-and-break 
switch. Base iOf> x 1 1 « niin ; overall height 
190 mm. 

Late l!>th century. Pavia Unhvrsily 
(1968). 



Induition ix>il for elmro-medical or 
other uses, signed : W A T K I N s \ H I L L 5 
CHAKING CROSS LONDON. The 
solenoid primary fircuit is attached to a 
battery : the interrupter at the top is turned, 
.so inducing a high frequency current in the 
secondary coils. Ba.se I /> 1 x 1 .'sa mm ; 
overall height ido mm. 
c. 1 850. TeyUr's Museum ( G&H ). 
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[I6j Ruhnikorff induction coil, sigiK-d: E. 
DUCRETET ET L. L EJ EH N E 7.1, KTE 
C L A I' D E B E R N A R D P A R I S. This design 
is ca|>ahle of generating very higli \ oltages, 
and can produtr a spark 100 mm in lengtli. 
Ducretet f'oundetl tlie firm in 1 Kh'+. liiisc 




478 X <i 1 1 X H,'. mm ; height to top of 



tcmiinal.s ^6'.5 mm : coil diameter I X.'i mm. 
c. I HUH. Teyler's Museum ( H3-h ). 




driven by steam |K>\ver and used to produce electric light, and so 
became the inventor of long-distance transmission of direct current elec- 
tricity. A forerunner in electric light generation was Henry Wilde 
{I83.i-iyi,9) who, in 1861., made a dynamo-electric machine which 
prtnluced |x)werful electric air light, and which found an application 
in the search-light. 'ITie word dynamo should be reserved for a genera- 
tor where part of the winding magnetizes the soft-iron core, known 

as !uit<»-fXritnti<in 

The Induction Coil 

The induction coil consists of two .separate coils of w ire one inside the 
other wound around a cylinder with a central core of soft iron rods. 
When a current is passed through the first, primary coil, current is 
induced in the secondary coil. If. then, the first coil is of thick wire, 
alK>ui '2 mm in diameter, and the second is of thin w ire, almut mm, 
then the secondary can accommodate many more turns of w ire to pro- 
dutx' the same thickness of coil. "Hie induced voltage is in proportion 
to the number of turns by which the .secondary exceeds the primary, 
.s«) it is |x>.s.sil)U' t«) obtain a thousand volts from tlie .secondary wlien 
a six-volt battery is put across the primary. The induced current occurs 
only when the current first flows, .so a soft-iron armature is fitted that 
is attractetl by the core when it becomes magnetized by the switched-on 
current. This pulls a make-and-break device similar to that used on 
an electric bell, cutting off the current .so that the core loses its magne- 
tism for a momer»t. The jirocess thus oscillates, and a high-frequency, 
high-voltage current is induced, which can produce a long spark 
between tenninals. 

In IS.-SI the German, II«-inrich Daniel Ruhmkorff (lK<).S-77). made 
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[[l7' Kloctro-mcdical induction apparatus, 
signed: RUHMKORFF MltC.IMCIKS. 15. 
Ruedes Masons St>rbonnf, Paris. By 
holding tlie brass parts on the handles, tl>c 
(jatii'dt rca-ivfs a tingling shock, llie 
baitirit s an- tm-riiiry sulpJiatc cells. Case 
aeu X 1 1« X .ST mm. 
c 1856. Teyler's Museum (em). 



Ji UJJ. M U J< .V 



"1 'nu' signatiiri' panel in the lid of the 
case shown in |j|ati' 1 7. 




r 1 ft" Kngraving showing tin- KuhmkortT 
cUrtro-medical induction apparatio. 
C. IH7(». lifHhuHfl,l>. 77H. 



the first successrul apjuratus of this ty|X', which was therefore given 
the name, Ruhmkorfl's coil [ifij. Ruhmkorfl" settled in Paris in ih40 
as a precision instrument maker, arid his firm was continued after liis 
deatli hy J. Carpentier. The inductiut) coil was exhibited at the Paris 
Exhibition of 18.55, after which it b<?came very [lopular for energizing 
discharge tubes, and was used in the production of X-rays at the end 
of the century. 

Electricity has been applied for medical purposes, often in quack 
medicine. The use of electrical high voltage discharges will be referrcni 
to in the next chapter. Induction in coils can be employed, and a popular 
electro-medical machine used this metluKl for giving jKitienis tingling 
shocks LIT, 18, IM". 'l"he electricity from two small batteries is led 
to a pair of coils w itii a vibrating contact breaker across their jwles. 
The jx)wer o( the shock is regulated by sliding copjier cylinders over 
the coils. I.ater, the same sort ol device was jwwered by a liand-turned 
generator. 
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"20] Ekt tro-mcdical induction roil, 
sipned : M A C A I' L A Y A N D S O N , 3.9, 
Kedfiiess Start. YORK. Tlw.- plaqui- 
advcrti.sfs this as: "Or. Simpson'.s' 
ap|>aratu.s. See plate d 1 . Ba.sc diameter 
•HH) mm; overall height iH.'i mm. 
Mid-l.<Jth miturv. K'hipple Museum 
(1301). 




9h 




ELKCTIU)-MA(JNKTH- 

AI'l'AUATtS, 

l or IMiitoriophicol & Medical l'ur|K>v 

ManuTai'tnred solely by 
MACAULAY A*D SON, 
;U>. KedeucH» Strc<-t, Y'OHK. 



Uai'i The plaque on the 
induction coil shown in plate 
do. The doctor is possibly Sir 
James Vouiig Simp.sot) 
( IHI 1-70), the son ofa 
baker, who took a doctor of 
medicine degree at Edinburgh 
in l83'i.thtTearter 
.specializing in midwifery. 



l9i2 A .siren for the study of eddy, or 
Foucault, currents, signed: Hourlxtusf i) 
Paris. "Hie siren note gives an exact 
measure of the spevd of rotation ofa copper 
disk, which pas.ses between the poles of an 
electromagnet. 'Hie speed depends on the 
currvnt in the coils iK-cau.se of the braking 
eflwt of the induix-d currents in the disk. 
Overall height .S K) mm : ba.se diameter 
1 lo mn). 

Laic l.yth century. Prh^ttcollectinn. 



Inducetl currents iti ;i conductor tend to flow so as to produce a magnet- 
ic field that will oppose the field producing them. Such induced currents 
are known as eddy currents, or Koucaull currents, after Leon Foucault 
(1819-68). Kddy currents tan, therefore, produce a braking etfct"t, 
which provides many applications, including the electric suj)ply meter, 
where the rotating element stops iiimiediately when the current flow 
ceases. 'Ilie energy generated by eddy currents in a conductor reveals 
itself as heat, and this can therefore reduce the efficiencv of a motor. 
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QsSfl^ Kddy rurrt-nt machiiw, signed : 
RuMmiorffH Pans. A wpjier disk (diariu-ter 
7.0 mm ) is rotated rapidly bet wot-ii the 
poles of an electroniajE;net. making the disk 
hot through induced currents. Yhe heat is 
measured by a thermopile ( behind the 
disk ) . Eddy furrents arc also trailed 
Foucault currents, after J B. L. Foucault 
( 1 S l9-f)8 ) who invented this type of 
apparatus in I HAS. A similar model was 
offered for sale in 1 892 by Ducretet at 450 
franca. 11 I). Huhmkorffdied in 1877. Base 
380 X 34.S mm; overall height 420 mm. 
1 855 77. Pavid University ( If/fit)). 
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Dr Prifsllex has u ell ohsfnvd. that rlei lncily has one advantage oxrr most 
other branches of natural philosophy : it furnishes matter of entertainment 
for all persons promiscuously, "uhile it is also a subject of important speculation 
for the most philosophic minds. Seither the air-pump, nor the orrery, nor 
an\ experiments in hydrostatics, optics, or magnetism, 6?f. eirr brought 
together so many, or such great concourses of people, as those of electricity 
hdiY singly done. 

(uHirge Adams, Jr ( \ 




"l" KlfCirostatirfrii-tiongcntTator, 
pJiglish-tvfH- platf mat liim-. C'iitlilH.Ttsoirs 
final paitiTi). Ha«- i.'i.'i x I Lis nini ; nvcr.-ill 
htight mill : plate dianu-tiT 'J'iK intii. 
c. I«10. H'/itpplr Mu.seum ( Lffil ). 



Some simple electrical phenomena have been known since antiquity, 
the classic being rubbed amber attracting light particles, such as chaff. 
The word electricity derives from the CJreek name for amber. William 
Gilbert ( 1544- 1603), who is best known for his work on magnetism, 
also investigated rubbed amber, and he invented a crude indicator to 
demonstrate the attraction. Otto von Guericke ( Ifioa- 86) constructed 
a sulphur-ball frictional generator in 1660, but he did not see his investi- 
gation ill tliL- iiuiiic- tL-rniii an tlic electrical ex^xTiiiieiit.i that were to 

develop in the eigliteenth mitury, but rather in the context of his ideas 
about the universe. 

'I"he real founder of the empirical .sciencx' of electrics was Francis 
Hauksbee Senior (c. 1666 1713), who began his studies in ITO/i, hav- 
ing been appointed Curator of Experiments to the Royal Society in 
the previous year. Newton had already shown that rubbing gla.ss pro- 
duced the amber effect, and Hauksbee constructed a machine with a 
glol)e of glass that was rotated, and rubbed by a pad of sheepskin. 'Hie 
globe had been evacuated by an air-pump, and a glow discharge was 
seen inside the globe, the forerunner of discharge lamps of the nine- 
teenth and twentieth centuries. In 1709 Hauksbee published his find- 
ings in Physico-Mechanical Ej:periments on Various Subjects, Containing 
an Account of SeiYral Surprising Phenomena Touching Light and Electri- 
city. For most subsequent investigations, this was the foundation docu- 
ment. 

Tile electrostatic generator was at first Hauksbee's globe, but by 
the 1 750s it consisted of a disk of glass ^ I & . which was more efficient 
and safer, as it could not explode through over-lieating. A cylinder 
electro-static generator was patented in I78'i by the instrument maker, 
Edward Xairtie (17'i6 1K06), which he called a "Medico-Electrical 
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Qa^ EkitrostiHic I'rk'liun gi-iR-mior, 
French-typi' platt- niacliinc, sometimes 
called Ramsdt'ii'.s pattern. It Ijas a pair of 
large, brass prime conductors. Base 
620 X 320 mm; overall height .WO nmi. 
M id- 1 9th century Mus/i^ d'Huloirr des 
Satncfs (.52.5 ). 




Madiini-'. It was comj»act and jx>rtable, for the treatment of patients 
^S]]. This medical application of static eleitricity was largely bogus, 
and inspired by the sheer wonder of the extraordinary eHects produced 
by electrostatics. At the very beginning of the nineteenth century, the 
coiimionest generator was the disk, or plate machine, which could have 
one or two rotating disks of glass. This was followed by the Nairne- 
ty|)c cylinder machine, and these two forms continued unchallenged 
into the middle of the century. 

Naturally, there were variations in design to obtain greater efficiency 
and larger voltages. One inspiration had been the extremely large, 
double, plate machine made by the Knglishman, John C'lithlK'rt.son 
( 174,'J-lHiiI ), working in Amsterdam for Martinus van Maruin 
( MHO-XHSl), director of the Teylcr's Foundation in Haarlem. This 

machine w.ts <leliv(>ro<l in 1 784, and was impn^voel until 1 70 1 . 'llic disks 
were over 6 feet in diameter ( Ifi.^o nun), and the voltage, producing 
a sjwrk of ^4 inches (610 mm), was about 330,000 V. 

After the generator itself, the next really important discovery was 
that of tlx' I.eyden jar f t .v \m, facing p. l.M.'r. It is named after a 
town in Holland where little original electrical research was done, llie 
true inventor of the jar is now thought to have been Ewald Georg 
von Kleist (r. I7<H)^8). the (Jerman ex]x*rinienter who found out 
about the etfect in llh'i. It was ojily a fc« ritoiiths later that the 
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[s" Fainting showing electrical 
treatment Oil on canvas, (>H x S7(> mu\, 
sigmtl: Havid Ilenrv Kriston. 'Ilic woman, 
sitting on an insulated chair (note the 
Ibotrest) is f>rol>ably iK-ing trcate<l for 
'tiervous headacfu-s'. 'Ilu- ehrtrostatic 
friction generator is of the N'ainie cylinder 

C. IKfiO. (irffnr Xfiisrum, Loridon, K'J. 



A 




[43 I^yden jar. signed: HARVEY & 
PEAK LONDON ( diameter f>;> mm). 
liflo-iV, an insulated footstool, to isolate a 
ptTs<m from the ground. While standing on 
such a stool a person's hair will staiul on end 
if he touches a prime conductor. 'I'op 
(30« X i5o mm: height \M> mm 
Mid- 1 9th century. H'hiftpU Museum 
(SiOlG). 




discovery was made, prohably indejx.'nderitly, in lA-yden, by I'icter \ an 
Mus.stlieiibroek ( 169*2-1761 ). By electrifying a glass jar coiitaiiiiiig 
water, an enormous shock was received. This is the earliest fomi of 
condenser, or capacitor, ar»d was mamifactured w ith electrodes of foil 
on the inner and outer surfaces of the glass jar. When it w as u.sed w ith 
a frictional electrical machine, \ery large \-oItages could Ik- obtained, 
and conse(juently, very long spark discharges in air. The larger the 

jiir, tlio hfttor, nii<l prent britterifi of jurs pr<M)»iccd corresponclinpflv 
more spec-tacular effects. Van Marum even cxpltKled metal wires, a 
tcchnifjue u.sed much later in s|X'ctroscopic analysis. 

To make measurements of the rapacity of I^-yden jars, a sort of crude 
electrometer was de\ ised, wliich b4)re very little relationship to the later 
instruments such as that of Coulomb. 'Hie early measuring instruments 
consisted of spheres of brass mounted on insulating glass rods, and 
moved against a ruler, or u.sed with a micrometer. VN'ith these, it was 
possible to comjwre the quality of diirerenl Ix-yden jars, by setting a 
gap, and .seeing how long it would take for a particular jar to spark 
at a given gap 

The nature of the electric sjwrk di.scharge was naturally itself of inter- 
est, and various eX|H.Timents were undertaken, one of which was to 
try l») detemiitie the s|X'ed of tlie electric spark. Ati attempt was made 
in the mid-nineteenth century to use a strobo.scopic disk ~6j, an ada|v 
tatioii of the invention of l*rt)fessor S. Stanipfer of Vienna ( see Chapter 
16"). Since we now know that a spark travels in about one millionth 
of a second, there was, in fact, no ho|x? of measuring its s|K'ed in the 
nineteenth century. 

A curiosity, especially suitable for lecture-<lemonstrations, was the 
hydro-electric generator invented by the engineer. Sir VVilliant CJeorge 



[[•j^ Spark measurers ( cloctronicters ) . 
Left with a plane scale; ngkt with a 
micn>mett'r screw. 

M id- 1 9th century . TtyUr 's Museum (Ml, 

.55* 



ft 








[6] Rapidly rotating disk to dcmor)strale 

tilt' Jut alioii uf'uii electric diaclifirge. The 
difik lias segments blue/white and on the 
reverse black/white. When rotated tlie 
impression is a grey ; a spark makes tiie 
sectors stand out sharply. As a discharge 
occupies about 1 milhonth of a set'ond, this 
disk cannot possibly give a measure of the 
efl'tft, merely an illustration. Base 
li20 X 70 nun : diameter of disk I HO mm. 
c. iKhT) Teyler's Museum (Siitl). 



[7^ Armstrong's hydro-electric frictional 

generator. Water tlrop« driven by stfam 

issuing from the jets at the top, Iwonie 
eli-cirically charged by friction in the jet. 
I'urchased in 1H.5« for l>fl. 387. Oxerall 
height alHiut I metre. 
185a. Teyler 's Museum (314). 
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Wimshurst electrostatic induction 
generator, unsigned, but made in Germany- 
'I"he instruction pamphlet shows kits of" 
accessories. James Wimshurst had 
produced such a machine by 1 880. Base 
240 X 1 30 mm : height ^80 mm ; plate 
diameter 213 mm. 
c. \9QO. Prnnte collection. 

Electrostatic induction generator, 
Holtz type, signed : T E c H N o M .\ s i o 
I T A L I A N O M I L A N O . Devised in about 
1S70 by Wilhelm Holtz ( l«3fi 1J»1,H). the 
induction machine pnxluced high voltages 
readily. 'Ilie horizontal plates contra-rotate 
at high sjxrds, and at the start a sector of 
vulcanite is heUI over the upper plate 
opposite a bottom cond). Altera lew 
seconds the sector can be removed. Base 
diameter 585 mm : overall height 530 mm ; 
plate diameter +30 mm. 
I.ate 19th century. Pavia University. 



Armstrong { 1810-1900), in 1840 [[71. This device was a steam boiler 
niuuiited on four glass legs for insulation, and from uliicli steam was 
ejected through a group of jets, directed at a metal comb connected 
to an iii.sulated cunduetor. Tlie charge was generated by the friction 
of drops of water against the sides of the jets, the steam forcing the 
drops out. Perfectly dry steam does not produce the efl'cct. At the Royal 
Polytechnic Institution in London, a large machine of this type was 
built, with a boiler fjj feet in length and 3^ feet in diameter ( 19K(i mm, 
lOfiT mm), with 'K> jets. It was constructed under Armstrong's super- 
vision, and that of the lecturer in natural philosophy, Dr Bachoffner, 
and was cajxible of producing sparks of idS inches (5.58 mm). As was 
observed: 'ITie working of the machine is necessarily acx-ompanied by 
the disengagement of an enormous quantity of steam, which, besides 
causing a deafening noise, has the mischievous effect of covering with 
moisture everything within reach. Atxordingly, though very interest- 
ing in itself, it is by no means adapted to the general purposes of an 
electrical machine.' 

The most powerful machine invented in the nineteenth century for 
the generation of static electricity was the Wimshurst induction 
machine ~8]. It was the invention of the English engineer, James Wim- 
shurst ( IS.ia-lfiO.S). Produced by 1880, it consisted of two contra- 
rotating glass (or ebonite) disks, each carrying narrow strips of tinfoil. 
Two conductor bars at the front and back have small metal brushes 
at the ends that touch the strips as they move round. At each side are 
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I^XVj Large tangent galvanometer, signed: W. M. Logetmin HAARLEM 

184R. This instrument, with three circuits, was designed by the lawyer and 

amateur scientist P. Elias ( 1 804-78 ) and made by W. M . Logeman 

( 1 82 1-94) . 'I'hc current in a hoop is proportional to the tangent of the angle 

by which the compass needle is deflected. Overall height 1250 mm ; maximum 

width 785 mm. 

18+8. Teyler's Museum (6SG). 





Qxviij Electric discharges in rarefied 
gases ; the Frontispiece to the Kngiish 
edition of Dtschanel ( 1 874 ). printed by 
Blackic & Son. Left : an electric egg with 
alcohol vapour ; centre, from t/u top: 
fluorescence of calcium sulphide, hydrogen, 
fluorescence* of uranium glass, fluorescence 
of strontium sulphide ; right : fluorescence 
of uranium glass and of quinine. 
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W. AND S. JONES, ^ 

PHIIXeOPHlCAL, M;iTHEMATICAL, AND OFl'ICAL 

'A^1H6 ABCIIIMBDES. NO.' so, LO^^ £n IIOLBORN, LONDON, 
(NtfHy opfxniic F<niii<jr> Jnn ) 



J LIST OF ELFATRtCAL .lltriCLF.S. 



[loj Tlu' fimi i)t W. & S. Joni-jf was at 1.45 
HollNini until 17;>f>, alter which the address 
was .SO llolburn to I X.SH, when Samuel died. 
c. 1 8 1 0. Science Museum ( photografth G289 ) . 




LI r Eleilric homl) or tnortar, 
made of'ivon^' .sitting in a w(H>den 
cup. .\ discharge in the cavity 
hlow ji the liall out, which shows 
tlR- eX|wnsion of the air, as witli 
thunder. Uaic tllaiiieler -(.i mm; 
diameterof ivorj' Iwll 18 mm. 
Mid- 1.4th centurj'. Pavia 
Unnfrsily ( IH-tf)). 




[Xl"] Scintillating gla.ss panels. A 
di.s*-hargc sparkles Ix'tween each small tin 
foil spot, exhibiting w hat was called 
'electric light'. Base diameter 1 10 mm; 
height yio itun. 

M id- 1 J»th century. Musee d 'Histoire des 
Scirmrs ( Jf/j J , 
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collecting combs attached to I^yden jars and discharging; electrodes. 
Each strip of foil has a charge induced i)V the opfwsitely charged strip 
of the other disk in the pair, so both positive and negative charges 
arc collected by the combs. The VVimshurst machine quickly found a 
place in most schools and colleges, and even toy models were made. 
I.«irge, robust machines were made for generating X-rays, after these 
were discovered in December 1895 by Professor W'illielm Conrad 
Rtintgen ( I84.'» 19'i.S). One mwiel, with twelve Sfi-inch glass plates, 
giving I.'j-inch sprks, was .sold in 1910 for the high price of J^.W. 

The electrostatic generator .served a purpose in providing pheno- 
mena that led to the establishment of theories of electricity, and to the 
identification of lightning as an electric discharge no different from that 
obtained by the machines. For the general public, the generators pro- 
duced a variety of spectacular tricks for domestic entertainment. Kits 
for this purpose were produced from 180O by such firms as W. & S. 
Jones [^10] and remained in production until the early twentieth cen-. 
tury. The accessories included: the electric cannon or mortar 
the thunder house, and fire house; electric chimes, or "gamut of bells'; 
the electric windmill ; the electric swing; scintillating panels [12], and 
aurora flashes ; the doll who.se hair stands on end ; dancing pith figures, 
aiid many more, 



ELECTRIC DISCHARGES IN GASES 

Jean Picard ( 1620-82) noticed, in 1676, a glow at the end of a bar- 
ometer tube, when it was being carried at night, 'lliis phenomenon 
was later explained by Francis Hauksbee Senior as cau.sed by friction 
botweon the morriiry ami ihf glass wall, and the same etfrct was noticed 
by others when working with evacuated gla.ss vesseLs. Van Marum pro- 
posed that the .Aurora Borealis was produced by an electrical discharge 
in rarified air; the effects arc, in fact, most pronounced when the pres- 
sure in the vessel is between 1 and 10 torr. Later, Benjamin Wilson 



[ 1 3 J .\urora flask.s and tubes. Lffl to 
right : luminous conductor to show the 
falling star effect ; aurora tube with ball and 
point at opposite ends to show the character 
of the discharge if the conductor is positive 
or negative ; aurora flask ; aurora globe or 
electric egg. 

Early l.'Jth century. Scimce Museum 
( IStS? I-HO: 19^7 II 7e; 191/7 1*39: 
19!17-IS7*). 
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[[I4j Lonp and elaborate Geissler tube. 
Johann Geissler (181 5 7!> ) was a mechanic 
at the University of Bonii, and a particularly 
fine glassblower. He made these discharge 
tulx's from tfic late 1 850s onwards. 
c. 1875. Science Museum ( ia7G-22 ). 



(1721-88) discovered that there is no luminous discharge in a strong 
vacuum. The name aurora tube, or aurora flask TlSj, was given to 
the wide range of glass containers of different shapes made to demon- 
strate the glow effect of electrical discharge in a partial vacuum. 

Johann Heinrich W'ilhelm CJei.ssler ( isi.5-7i>) belonged to a family 
of glassmakers. and practised his skill as mechanic at the University 
of Bonn, making chemical and physical in.struments, and learning from 
the scientists with whom he worked. Anxious to achieve a stronger 
vacuum, he devised his own mercury air-pump in about \H,'i5 (see 
Chapter 6), and by its use he was able to make rather small glass tubes 
with electrodes melted into the ends, filled with rarefietl gases . 'I'he 
technology of Geissler tubes fl 'C» 3" ^^ey came to be called, helped 
to introduce a new branch of physics, leading directly to the discovery 
of cathode rays. 'I'hcre is an interesting practical application that w as 
discovered and put to use for the Geissler tube. The light produced 
by the discharge w as found to be a safe njethod of illumination in mines 
"I.")", where the danger of using any form of naked flame was ever- 
present. The apparatus was all contained in a portable leather case, 
and consisted of a battery with an induction coil, causing a steady dis- 
charge in a Cleissler tube, contained for greater safety in an outer glass 



~ 1 a J KletTtric, miner's safety lamp. A 
Geissler tube inside a sealed glass cylinder 
is energized by a battery and an induction 
coil. Lamp 25^ mm ; diameter nun. 
f. 1865. Teyler s Museum (911 ). 
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[^16j Left : a Puluj electric radiometer 
where the vanes are moved by the off-centre 
cathode ray stream. Righl • a C'rookes tube 
for showing that tlie cathode stream is 
deflected by a magnet ; it is made visible on 
a fluorescent screen. Height 2+0 mm; 
I K) mm. 

c. 1895. Museum oj Ike History oj Science. 







tube. This miner's lamp was described in The Appluntionx of Physical 
Forces, by Amedee (iuillemiii, translated by Mrs Norman IxK-kyer 
(Lotidon, 1877). 

llie name catluxle ray was first used l>y Kugen (ioldstfiii 
( ISAO-iaao), though the phenomenon was first discovered by Julius 
Pliicker ( 1 8OI-1 868 ), who worked with Geissler. Goldstein was using 
a small, evacuated discharge tube and very high voltage from an induc- 
tion coil, and he described tlie glow from those particles emitted from 
the cathode ( negative terminal ) under a high electric field- The colours 
depend on the gases or vapour in the tube [x\n, facing p. ISS]. 
Investigation of cathode rays was continued by Sir William Crookes 
( 1832 19 ly). He examined them at various gas pressures, and then 
considered the effect of a magnetic field on the stream of negatively 
charged particles, or cathodes. He found that a bar magnet forms the 
beam of cathode rays into a spiral, while a horseshoe magnet produces 
a curve. The st>-<-alled C'rookes' tubes are intended to show how the 
catluKle stream is deflected by a magnet. A novel extension of Crookes' 
radiometer (.see Chapter") was devised by another physici.st who 
worked on .secondary cathode rays, Johann I'uluj. He devised an electric 
radiometer ~ 1 6" that showed the mechanical effects produced by cath- 
ode rays, namely, that they will push round the vanes of a radiometer, 
and published his discovery in 1877. \X the very end of the nitieteenth 
century, work on cathmle rays by the great C'ambridgc physicist, Jo.seph 
John Thomson ( 1 8.i«- 1 .440 ) led to his discovery of the elec tron. 
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73 Early Voltaic pile, composed of a 
total of +9 pairs of plates. Tlic discovery 
was publisliL-d by Alessandro Volta 
( 1745 18^7) in IHOO. Baseboard 
220 X 2'20 mm ; overall height 2;>0 mm. 
Early 19threntury. Teyler's Museum 
(575). 





[^18] Early Voltaiccell. In Volta's original 
paper of 1 800 two different techniques for 
producing a rurrent arc described. One was 
a pile of plates and the other wa.s a 'couronne 
df lasses'. Each cell had a copper and a /.inc 
plate dipping into brine. Height to top of lid 
idO mm. 

Early l*>thcenturv. Teyirr's Museum 
(57i). 



£19"} Example of Crosse's water batten-, 
which resembles a 'couronne de tassts'. Zinc 
and copper strips dip into 48 glass cells 
containing water. The cells are insulated by 
paraffin wax in a porcelain dish. Dish 
345 X 265 mm ; diameter of cells 27 mm. 
Ijtc 19th century. Musre d'Htslotrr des 
Sciences ( n 99). 
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CURRENT ELECTRICITY 

Ekitrostatics - the study of electricity produced by friction - had 
reached a dead end at the clt)se of the eighteenth centurj'. 'Ilie pheno- 
mena had been fully examined, ever larger sparks had been produced, 
but the discovery thai electricity could be produced in some other way 
was needed to rejuvenate the whole subject. Tlie road that led to the 
prcKluction of current electricity - the most ubiquitous and accessible 
source of power in the modern world - began w ith the work of Luigi 
Oalvani ( 1737-98), Professor of Anatomy at Bologna University. He 
was studying the effects of electrical discharge on animal muscle, when 
he obser\ ed that muscle contractions in the legs of frogs he was working 
with occurred even when there was no electrical discharge being ap- 
plied. This led him to postulate his theorj' of animal electricity' which 
he believed was relea.sed within the organism when it came in contact 
with two different metals. The theory w'as further investigated by Ale.s- 
.sandro Volta ( 174.'*- 1 827), who became stieptical of any animal l>asis 
in the electrical effect. He decided that it was the combination of two 



L20" a lA^>clanrI>^ cell, witli a carbon 
cylinder in a porous put that stands in a 
glass jar containing sal ammoniac. 'n»e 
(wsitive |x)le is a n>d i)f zinc. The LeclaiKh^ 
cell originated in I8fi7. 
c. 1880. Sfgretti(£ 'Zambra.p. 



L2 Ij Carbon arc lamp with clockwork 
regulator, signed: J. Dtdhosiq a Paris 
Breiflf S.a.d.a.. .A l.so engraved; N" I. As 
the carbon is consumed, the rods are moved 
slowly by thccliK^kwork to maintain a 
constant arc length, a technique invented by 
l>eon Foucault ( I H l9-6« ) , in I K49. Overall 
height 830 mm. 

c. 1850. Teyler 's Musfum (dHO). 

[|2'i'| Bifilar torsion electrometer, signed : 
SaverioCtargiuloNapoli 1856. The 
museum records this as after I'almieri. 
Luigi I'almieri ( 1807 f>6) wasdirectorof 
the physical obser\'ator\', Najile.s, from 
1 8.'>4, and he invcntetl a numlxr of devices 
fornieteorological use. In 1885 he 
published a hook on the laws of atmospheric 
electricity. Overall height 5 10 nun . 
diameter of cell Ifi.i mm. 
\H!iH. Pai'ia Vitnxrsily (SSoa). 
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[2S" Ixird Kelvin's standard electrometer, 
catalogued at .£'.Sf». 
c. IJKX). Griffin, p. 6TO. 



ilistiiu't itu-tals with moisture tliat [inKliuvcl <'lcc-trl<'itv. In \far«'li. 1 HOO, 
VoUa wrote to Sir Jojiepli Banks. des(.Til)ing what later heeatne known 
as the Voltaic pile Cl7~, a combination ofcopjvr and zinc plates, with 
cloth moistened by salt water between them, which was the first electric 
battery. Then Iwpan tlie race to pnxluce electric batteries that were 
increasingly comjxjct, durable artd safe. Many scientists all over Europe 
applietl them.sclves to the problem, but the work of two men was par- 
ticularly significarn. The first was John Frederic Daniell ( iTfM) IHi.5), 
I'rofessur of Cheniistry at Kings College, I^ndoti, who also devised 
a hygrometer (see Chapter 13). Daniell 's battery consisted of a 
cylinder of zinc and copper, separated by a porous earthenware tube, 
w ith salt water, or diluted sulphuric acid, in c»)titact w ith the zinc, and 
sulphate of copper in the other cell. This battery produced a steady, 
uniform current, and was found excellent for use in such prtKesses a.s 
electro-plating, gilding and electrotyping. 

Another highly efficient battery that also had the merit of cheapness, 
was de\ ised by Georges lA-danche (18.S9-8ii). Its clement was a 
cylinder of carbot> inside a porous pot. closely surrounded by a mixture 
of ground-up manganese peroxide and coke, the top sealed w ith w ax. 
This unit was then placed in a glass bottle, with a rod of zinc as the 
|xisitive terminal, and the bottle half filled w ith a solution of sal amnto- 
niac ~J2,if_. In 1841 Robert Bunsen (1811-99) had ititroduivd carbon 
instead of the more expensive cop|)er, as the negative [H)le, and Lec- 
lanche's cell, first produced in 18<>7, was a further improvement on 
the same lines. 

The Citrbon Arc 

Humphry I)a\ y ( 1 778-1 8'i9) made important contributions ti> electro- 
chemistry, giving a series of Bakerian Lectures to the Royal Society 
on the subject, from 180f). He liad enthusiastically entered the field 
opened uj> by Nicholson and Carlisle (si-e Chapter I'J), and he pul)- 
lished pa[KTS in Nicholson's Jourtiiil during the autumn of 18()0. I)a\y 
inventetl the electric arc, and was able to demon.strate the carbon arc 
lamp at the Royal Institution in 1801, using a battery of <iOOO plates. 
But (or its further development and any practical aj>plications, arc light- 
it>g had to await the de\ clopment of powerful chemical batteries, such 
as that of Daniell, and of dynanio-electric machinery, particularly the 
Granmie machine of 1 87 1 ( see Chapter lO ) . The arc lamp is an import- 
ant source of intense illumination, tor use with projectors, in micros- 
copy, in street lighting, and for ligbthou.scs. But it is almost danger- 
ously intense, Ix-ing capable of damaging the eyesight, and cannot there- 
fore be used domestically. The discovery that made the carbon arc 
capable of sustained use in street lighting and lighthouses was that of 
Jean Bernard I^-on Foucault ( 1819-68) who found a method of increas- 
ing its durability by regulation Qiil j. His self-regulating arc lamp u.sed 
cl<Kkwt)rk to keep the two carlK>n electrodes at a constant distance 
ajwrt, by moving their supiwrts to keep jwce with consumption. His 
lamp was first produced in 184.9 (see al.so Chapter .<>). 
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[2+j Quadrant clcrtronicter, wiih mirmr, 
aluminium nccdif, liollow quadrants on 
insulating glass pillars and wire I'agc, 
uttered fur sale at ,£'6. 
c. iOoo. Griffin, p. 6»7. 

(^aS'l A very sensitive quadrant 
electrometer, with quartz fibre suspension 
made I'onduetive hy a hygroscopic salt. A 
small mirror deflects a light In-am onto a 
stale. The invention ol'tlie I lungarian. 
Friedrich Dolezaiek ( IKTS-IMO) . OHered 
for sale at ^7. ws. 
c. 1905. Griffin, p. 667. 






The Electrometer 




rsfij Galvanometer, signed: J. Duboscqa 
Paris. Also engraved : N" 3. A current in 
the coils produces a magnetic field tliat 
deflects a needle susf>ended in a fine thread. 
Jules Duboscq was trading under his own 
name from IH49 to 1 883. Overall height 
240 mm ; diameter of cell 1 18 mm. 
c. 186X). Teylrr'i Museum ( 10G3 ). 



The electron lettT is the futidanietal instrument for nieaiiuriiig potential 
ditiercnce (which is mea.sured in volts), and depends on attractioti or 
repulsion of charges on plates or wires. The measureinent can be dor>e 
by weighing, in which case the charge is recorded directly in terms 
of weight. Of the early electrometers, one of the most important was 
the torsion balance of Charles Augustin Coulomb ( 1736-1806). This 
was used in 1785 for experiments to determine the distribution of elec- 
tric charge over conductors of different shapes, and in experintents to 
verify the law of inverse square of the distance. Faraday made improve- 
ments by providing protection from external influences. Accuracy was 
introduced into such measurements by William Thomson, lx)rd Kelvin 
(1K2+ l.'M)7) in IS.I.s. by means of insulation, drying the air inside 
the instrument, and ensuring careful screening from external interfer- 
ence. This 'absolute' electrometer [iH"] was followed in IHUl by the 
"divided ring' electrometer, of improved sensitivity, and the 'quadrant' 
electrometer [24 & 25" of 1867, which, at its most sensitive, could 
detect O.0 1 volts and had a range of up to 400 volts. 

TJie Galvanometer 

This is a device for measuring electric current, and dc|>ends for its action 
on the current being run through a coil to make a magnetic field; this 
is based on Oersted's work on clectromagnetism {see Chapter 10). The 
coil is wound onto a frame, and there is a divided circle, with a sus- 
pended needle. The current passes through the coil, making a magnetic 
field that deflects the needle. VN'illiam Thomson, who did such import- 
ant work on the mariner's compass (see Chapter ll'), also devised a 
scries of galvanometers. The first was his mirror galvanometer, 
planned for receiving signals through the Atlantic cable. Tlie cable of 
1858 had only three weeks of successful working, owing to defective 
insulation, and it was only by use of a mirror galvanometer on each 
side of the Atlantic that an exchange of me.s.sages was possible. 'Hiom- 
son also made an astatic version of the mirror galvanometer C27]], the 



([27] William 'Iliomson's astatic mirror 
galvanometer, sipned : Fl.f.loTT BRo" 
H> N DO N Nv .">.(.'» A silk fibre suppitrts a 
short iteedle and a light concave mirror at 
the ix'iitri' of a vertical coil. The mirror 
reflects a beam of light onto a scale. The 
curved, adjustable bar is a magnet to 
neutrali/4.' tlic tarth's magnetic field. 
Purchased in 1881 for Dfl. 1+6. Overall 
iR'ight .'iiJ.'t mm ; barrel diameter 1 1 h mm. 
1881. Teyler 's Museum ( W W ) . 



[28^ Voltmeter and ammeter combined, 
signed : Ferdinand Kniecke B E K L t N s . w . 
4ti. T\\f iK-edlc has an air brake and a .safety 
catch. Base 190 x 88 nun; height IJ^O mm. 
<-, 1900. Teylir's Museum ( 1 1 97). 



hiimui l:mh 

Berlins. W. 46. 

Agent: J. C. Th. Mariu* 

Utrecht, 



L29j The signature plaque on the 
voltmeter in plate 28, which includes the 
name of the agent in Utrecht. 
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[[.io~ Sft of resistance roils, in a mahogany 
box w ith an ebonite top, of German 
manufacture, llw plaque is engraved : 
S'eusilbfr regulirl ~skj bei 20 C. Removal of 
a key brings in a resistaiKe from I to iooo 
Ohms. 

I^lc I9th century. Teyler's Museum ( 630). 




first version being produced in 1 ft.57. In this, adjustable ma^cts formed 
an astatic system to neutralize the Karth's field. 

Kor general purposes, there are a great many types of voltmeter 
and ammeter, de^)ending on the range of voltage or current to be mea- 
sured, and the level of sensitivity needed. Kor u.se in teaching, a piece 
of ancillary etjuipment is the ubiquitous resistance Ik)X, with which cur- 
rent can readily be varied in convenient steps. 



12 • Chemistry 



The aaues tf chmkal change are as yet anknewn, and the laws by vMch they 

aregm^rnetl : but in Ihfir l onnexion u ith fln lria:/ and nu^Hetn f'firmtrnfna, 
there is a gleam of light JxuntiHg to a new dawn in science; and may uv 
not hope that, in another century, dumistry hamt^, as it voere, passed under 
the dominion of the mathematical sciences, may find some happy genius . . . 
capMe unfMing its vmderful and mystermsforms. 

Humphry Davy ( 



Chemistry is die branch of scienoe that is concerned with the oompo- 

sition of substat»rr.s, wlu-n-as |iln'si('> ilcals witli tlir pr<ijxTtic> pos- 
sessed bv substances. Tlic iiiticU'ciith-icnturN pin sicist Ifit tlu- moli'cule 
alone, while the chemist broke up and re-arranged the moiectUcs. For 
exain]de, a physidst may heat a substance to measure the conductivity 

of heat, or to rhane<' •-nlid to liquid, but ;i ( hcTiiisf would Ivat it to 
change a metal intu a>, uxidc, a re-arraitgcnicnt ot, aiid an addition 
to the molecules. As George Fownes ( 18 ld-49) wrote in the Introduc- 
tion to A Manual of ^mentary Chmisby, Theoretical and Practical 

(IS47): 

Tile Sh ii-nrc of Chcmistrv bus for its obin t tlw study of tlx; nature 
and tlie properties uf all tlie materials which enter into tlie compo- 
sition or structure of the earth, the sea, and the air, . . . The highest 
efforts of Chemistry are constantly directed to the discovery of the 
general laws or rules which regulate the fomiation of chemical com- 
pounds, and determine the action of one substance upon another. 
These laws are deduced from careful observation and comparison 

of the properties and re!atit)ris of \ axt iiunilKTs of indi\ idua! siilv 
Stances; — and by this method alone. The science is entirely experi- 
mental, and all its conclusions the results of skilful and systematic 
experimental investigation. 

A convenient, if not absolutely compr^ensive, definition of organic 

chemistry is tliat it litals \\itl» Indrocarbons and derivatives. A \ast 
number of compounds are made up of hydrogen and carbon, with one 
or more hydrogen atoms replaced by other atoms or groups of atoms. 

Before the nineteenth ccnturj', there had Ix-en no clear demarcation 
between inorganic and organic compounds. Nichola^i L^ery 
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( 1 f>4.'j 1 7 1 /> ) published in 16'7'i liis Course de CIninie. wlu-re lie classi- 
fied .substances as 'animal', 'vegetable' or 'miiieral'. As would be 
expected, many of his allocations cannot stand today; nevertheless, his 
was an attempt at a more reasonable classification of the world's pnv 
ducts. E\L'H I^voisicr began with the Lenierv classifiratitni, wliidi was 
seriously questioned when the same compound was obtained trom both 
vegetable and animal sources. So arose the division of organic 
chemistry, but it was still hd.d that organic compounds could only be 
formed in the presence of a vital force, or life spirit- 'ITius it was thought 
to be inipossiibk' actually to syntlicsize in the laboratory an organic 
compound, a view that was given a death blow by the synthesis of urea 
in 1828 by Friedridi Wohler ( IHOO 82), wht) was then teaching at 
an industrial school in Berlin. It is also worthy of note that he was 
tlie first to isolate aluminium in 1827. 
Durii^ the second half of the nineteenth century, die state of diemical 

krunvledpe wns p;irl(nis. far Ivhind tliat of physics Tlie classical, four- 
clemcnt theory - cartli, air, fire, water - continued to jK-rsist because 
there was nothing to replace it: the calcination (prolonged heating) 
of metals, and the combustion of matter, were thought to be praoesses 
of de<-omposition, and the c<m!p(i^itii>n ot [>()th air and water was quite 
unknown. As for heat, the pliiogi;.ti>n theory held sway. Phlogiston 
(from die Greek, bum up) was the term given to an element, or sub- 
stance, that was considered to e.xist in all combustible bodies, and was 
driven out by the process of combustion, llie idea had been formulated 
by Gcorg Ernst Stahl (<". 1660-1743} in 17U2, and it continued until 
1775, when it was rejected by Antoine Lavoisier ( 174S-94). Joseph 
Priestley ( 177.*^- 1h(u :, nn thf other hand, lent his considerable repu- 
tation to support tlie phlogiston tlieory, tiiougii by IHOU it tiad been 
largely abandoned. The phlogiston dieory was an attempt to exjdain 
experimental observations, .md was, therefore, an advance. Like many 
theories ir had to be discarded when mon' ingenious experiments were 
tiiought up, and more precise incasurenients made. Aixording to the 
dieory, hy<irogen, whidi was called 'inflammable air', was loaded wid) 
phlogiston, Ix'cause combustion was .so rapid in its presence. Nitrogen, 
on tlie other hand, was called phlogisticated air', because it was not 
capable of supporting burning. Dephlogisticated air' was oxygen, and 
'fixed air' was carbon dioxide. It must be remembered that the modem 
names were not in use, and the descriptixe names were intended to 
convey what happened m certain experimental situations It was Lavoi- 
sier who introduced the terms oxygot, nitrogen, and hydrogen in the 
i7S()s. He also used the word gas {gaz) instead of the general term 
'air', and the first use of gas in printed English uas m 1 li;> 

This French aristocrat, whose life wa.s so tragically cut .short by the 
guillotine durii^ die Reign of Terror, revolutionized diinking in re- 
gard to chemistry. I-noisier established the precision du niical balance 
as fundamental to chemical reasoning, following the first important 
quandtative experiments made by Joseph Bladi ( 17fi8-^), of (j3a»- 
gow and Edinburgh Universities. From die beginning, Lavoisier had 
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the idea tliat mass was conserved, which means that although chemicals 
can react to form new substances, the total weight remains constant. 
This principle of conscr\ ation has been tested in recent times to high 
orders of accuracy, far beyond the early balances. Clearly, seeking to 
test the theory provided an impetus to improve the balance, as well 
as to find other exj>erimental techniques. 

At the beginning of the nineteenth century an argument occurred 
between the two French chemists, Claude I^>uis Berthollct 
( 1748-1822) and Joseph Louis Proust ( 1 7.54— l safi ) about the prop)r- 
tions in which two elemetits would combine together to form a com- 
pound. Proust maintained that they always kept to the same propor- 
tions, and he maintained the law of constant comixisition. At this time, 
John Dalton ( 1766-1844), a Manchester teacher, explained his atomic 
theory published in 1808, where every element is made up of identical 
atoms, which are different from all other atoms. Moreover, the ele- 
ments can be listed according to their relative weights. 

Naturally, to test ideas of such far-reaching consequences, elements 
and compounds had to be made pure, probably in quite small quantities, 
so analytical techniques were developed, in addition to better balances. 
For analysis, tJic innovator was the great Swedish chemist, Jon Jacob 
Berzelius ( 1779-1848), who was to determine the atomic weights of 
nearly lialf the elements. For this work he analysed many thousands 
of compound substances. 

Language is vital in conveying ideas ; as a result of the work of I^voi- 
sier, Berthollet, and Fourcroy, the reformed chemical terminology was 
published in 1787 as Methode df Nomenclature chimique. I ^voisier conti- 
nued his reformation with an introductory text for beginners: Traile 



Two copper distillation vessels. 
Distillation requires a heated vessel closed 
by a head in which the distillate condenses 
aiid ruiin uul (lii'(.>ugli u side lube. Uutli llieae 
Stills have water-cooled licads, one exit 
spout for the cooling water, the other Ibr 
the distillate. I^ft, of the type sometimes 
called a ' Moor's head', from the shape of the 
top; height .^00 nini. Right, believed to 
liave come from the laboratory of Antoine 
Baume ( 1728- 1 804 ) ; height .500 mm. 
Late 1 8th century Museum of the History of 
Saence( 7«; 77J. 




fa]] Knpravinp from Abraham Recs, Thr 
Cydopafdid, plates volume II ( Ix>ndoti. 
1820), C'hemistn^ plate VI The engraving 
is dated 1 January 1«03. Thetumaeelieatsa 
retort, set in a water Iwth, the distilled 
products passing through a receiver into a 
series of Woulfe's bottles, 'lliis form of 
bottle, with three tubulures, became a 
standard item in most chemical 
laboratories. It is named after the Irish 
chemist, Peter Woulfe (<". 1 727-1 80a ) . 
180S. 




FMntfntaire dr Chimie { 1789). It was in three parts, the first dealing 
with gases, oxidation, fermentation, putrefaction, the composition of 
air and water, acids, bases, and salts. The second part concerned the 
action of acids and salt-foniiing bases, and it included the first modern 
list of chemical elements. The third, and most considerable pan of the 
book, di.scus.sed apparatus and the methods of chemical experimen- 
tation. This was a radical change over anything before, for little atter)- 
tion had prev iously been given to apparatus, since chemistry was done 
with pots and pans. 

Some of I jvoisier's classic apparatus is preserved in the C'onserva- 

tf»ir<' dc's ArtK ot Mctiors, Paris, :intl tlint of hiK cntluisinstif Dutch sup- 
|xirter, Martinus van Marum (1750-1837), is preserved in the 
Teyler's Museum, Haarlem. Van Marum was able to improve on the 
design of I^voisier's ap{>aratus, which he fuutui difficult to acquire, and 
in any case expensive. He employed an expert mechanic, Frederic Fries, 
to make, during 1791 and 1792, the large, brass and glass apparatus 
for the combustion of hydrogen in oxygen to make water, which 
required a combustion chamber, a pair ol gas-holders, and a pair of 
water cylinders. These were needed to maintain a constant, controlled 
rate of gas supply into the combustion chamber. Different chambers 
were made in which to burn phosphorous, oil, or carbon. What is 
remarkable here is the early employment of a lal>orator\' technician to 
make apparatus, and chemical apparatus for one particular purpose 
only, to study and demonstrate the combustion prwess in relation to 
the phlogiston and subsequent theories. Normally, chemical apparatus 
is in units that are assembled in different arrangements to suit a particu- 
lar ex [K-rimeni. It is this sort of apjiaratus, produced in some quantity, 
that may still be found, although much glassware and potterj- w ill have 
been broken. Also, glassware is difficult to date, and, as sha{K*s for cer- 
tain uses continue for a long time, a relatively modern piece may be 
taken as older than it really is. 
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[3j Small, tin, portable still for determining the alcoholic content of wine, 
.signed: ALimhii de Desirotzillfs I'lngr i'kn-alltrr, Opttnan du Hoi Placedu Pont 
NeufSo. 15 Pans. Jean CJabric! Auguxtin Chevallier liad u shop from 1 7!»6 at 
the comer of I'ont Neuf and Quai de I'Horloge. Francois Antoine Henri 
Ek'scroizilles ( I T.*; I- 1 82.'> ) was a dispensing chemist of Kouen. His still for 
wine analysis was produced by IHIO. (Kcrall length 'H>0 mm .diameter 
1CX> mm. 

c. 1810. Musre d lliftoire dfs Sciences (IS). 



~'»] Dr Nooth's apfiaratus, de-signed for impregnating water with 'fixed air", 
i.e. carb<m dioxide, Uy pri-|>are medicinal waters. It resembles the Kipp's 
apparatus used in < liemistry since the mid-nineteenth century. Invented 
r. 1 780 by John Men in Nooth ( 1 7.S7- 1 K28 ). 
< . I SCO. Samcf Museum ( IftH? llffH). 
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Glass alembic, a term which properly implies the whole apparatus, but is 
sometimes used for the head only. This remained virtually unchanged for 
nearly iJooo years. The distillate condenses in the head and runs into the 
internal gutter and out through the side tube. 
Karly l.'*tlicentury. Sarnce Museum ( W51-356). 

JS' A Bink's bun-ttc, .signed : Gnjjin is? Co. London. So. S-WS. Used in 
volumetric analysis, a burette is a calibrated glass tube to deliver variable 
amounts ofsolution. A pipette delivers a fixed amount, 
f, J850. Science Musrum ( /.V/ f-OVSi ). 
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[[7] Group of chfiiiical plassware, 
trartliciiwarc and pi)n.-clain retorts ( top 
shelf) from the Chemical laboratory of the 
I'tiivcrsity of Oxford, acquired for the use 
of Charles Daubetiy ( I Iftii- 1 «fi7 ) , 
Professor of Cliemistry from 18aa. This 
apparatus was used for fractional 
distillation, one of the basic chemical 
processes fnmi antiquity. 
Mid- l!nh century. Musrumofthf History of 
SotHce. 



An idea t>f tlie nunnal range of clienneal apparatu.s used in the first 
quarter of the nineteenth century is given by an inventory made out 
for a new professor of chemistry at Oxford University. Charles Dau- 
beny ( 1 7f>5 1 86'7 ) was appointed in I HH, having studied at Kdinburgli 
Llniversity. He was a passionate iK'liever in tlie edutatiorial value of 
eheinistry, and gave a lecture with the title 'On the lni|x>rtatice of the 
Study of Chetiiistry as a branch of Kdiication for all Classes'. He was 
also a founder of the British Society for the Advancement of Sciertce, 
in I H,S I . 'llie apparatus that he inherited in 1 HiJ'i consisted of the follow- 
ing, which have been roughly grou|K'd into categories (omitting chemi- 
cal substances) for ctjnvenience in listing. 

1 . Many dozen glass jars and bottles: 

2. 15 dozen glass retorts, earthenware retorts, and retort stands; 

3. Some 100 crucibles, eva^wating dishes, |X'stlesand mortars: 

4. .1 dozen glass mattrasses (glass vessel with oval body and long 
neck, for distilling) and 3 dozen eudiometers (used in gas analy- 
sis); 

5. Apjiaratus for decomposing water, a copper and tin gasometer; 

6. ApfKiratus for the decompositioti of animal and vegetable sub- 
stances costing ^40; 

7. Woulfe bottles, \*K»ths apparatus, 1 17 pounds of mercury; 

8. a cast iron furnaces, I black lead furnace, l)low-pi|x«s; 

9. 8 .Argand lamps, spirit lamps, l burning gla.ss; 

10. 2 precision balances (one costing .£'SJ()), .scales, weighing 
machines ; 

1 1. .1 air-purjips, and .several receivers; 

IS. A plate, and a cylinder, frictional electric machines; 

13. Klectrometers. electropliorous, Karaday's magnetic apjaratus, gal- 
vanic battery; 

14. Barometer, hygrometers, thermometers, Breguet's metallic ther- 
mometer ; 

15. A mitToscope. 
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~H~ t)avv"s apparatus lor tlu- fstitiiation of 
the carbonate content oi .soil. Tlic 
equipment cxinsists ot'a Hask fittt-<l with a 
dropping luniicl. a delix erv lube connecting 
the flask with a l)la<l(ler, a vessel to hold 
water, w ith a s|K>ut, and a small Iwaker. A 
known %veight of soil was tn-ated w ith acid 
in the flask, the carbim dioxide given off 
inflate<l the bladdt r which displaced water 
into the beaker, from which it was 
measured. 'I'he volume of gas was thus 
known, and the i^rbonate in the soil could 
be calculated. From iHo.ito isi.'J Huniphrv 
Davy ga\ e lectures to the Board of 
Agriculture, and de.st ritied the u.se of such 
an apparatus. Overall height of flask 
•i.W nun; height of displacement vessel 
I K) mm ; height ol bi-aker mm. 
Karly l.'»th ccnturv 

Musrum of the llniury of Science ( ISP). 




The pre.seme of electrical instruments and the air-pump sh»»\vs that 
tltere was artificiality i(i identifying ■boundaries' between ciientistry and 
phy.sics. then as now . 

At the beginning of tlie nineteenth century, instruction in chemistry 
w as provided by private tutors, like Richard Kirw an ( 1 7.13-1 8 12), who 
taught in I.ondi>n and later in Dublin. Humphry Davy (177H-1S29) 

Iccmrotl oo cboniistry at the Hoyal lnstitiitij>n in I .ond<^n { founded 
175*f>), but this was not a .systeniaticcour.se suitable for training young 
men. 'Hie founder of .systematic instruction was Justus von Liebig 
(I8(),S 7.s). who was ap|K)intcd in IHat t<» the professorship of 
chemistry at the L'niversity of C»ies,sen. lie stressed qualitative and 
quantitative analysis, rigour in preparation of substances, and original 
re.searcli. the latter being a in>velty in university teaching of .science. 
Liebig had a huge succe.ss throughout Kurope, and he lias betonie 
known a.s the "chemist breeder'. In Kngland .systematic teaching was 
founded at tlte College of C hemistry in 1H4.'>, which continues, w ith 
clianges in name, to the jire.sent day as the Itnperial College of Sc ience 
and 'IWhiU)logy. Krtmj mid-century, then'ft)re, universities, and then 
schools, had to take notice of the educational and technical rea.soiis for 
teaching cliemistry, with the consequetit requirement for very large 
quantities ot ap|>aratus. 

If I.iebig actualized a chemical sch»>ol, he wa.s not the first to propose 
it. 'I'his was done in XHKi by Thomas Tliom.son ( ITTS-lK.ia), a pro- 
fessor at (JIasgow l'niversity. vsho wished to traitt young practical 
chemists. As he said: '.\s an art, it is intimately connected with all 
our manufactures, 'I'he gla.ss blower, the potter, the smith, and every 
other worker in metals, the tanner, the .soaji-tiiaker, the dyer, the 
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nK-billhfadofKrciJrick Accum, 
wlK)»e laboralorv and sli()p was in Old 
Compton Street, Siiho, IahuIoii. 'lliis bill is 
dated, in ink: March Ifith \ho!>. Anumlicr 
ol'itenis -sold are shown, including a voltaic 
pile, retort, spark eudiometer, balance, 
spirit blowpipe, and Woulfe's bottles. 
1805. Museum of thf llislory of Science 

(ssa). 




bleacher, are really practical chemists; and the nmst essential improve- 
ments have been introduced iruo all these arts by the progress which 
chemistry has made as a science." Slowly, the chemist enteiicd into 
manufacturing industry, to control (juality and to devise novelties. In 
IK-K) the tiuhiIkts of 'manufacturing diemists' was a little over KKX); 
thirty years later, it had reached l I-,()(M). Clearly, a great deal of analyti- 
cal apparatus was being used. 

The feeling that chemistry had come of age in Britain was a reason 
for the birth of tlie Chemical Stn iety o( London in IHH. Its objective 
was the advancement t)f chemistry and those branches of science inmie- 
diately connected with it." There were to be meetings, publications, 
a library and a museum, lliis formalized sjx'cialization within science 
w as important in establisliing the diemist and the profession of chemist 
in industry and in society. A leading figure both in the teaching of 
chemistry, and in its apjilication to industrial processes arid to public 
health, was Fredrick Christian Accum ( 176'f> lK'i8), who was lK>ni in 
Hanover, but moved to Ixtndon in 1798. He .set up premi.ses in Old 
Compton Street, Ix^ndon, in I800, where he gave lectures and demoti- 
.■Jtrations. an<l also sold flic-mi«'al apiiiiratiis Lf'I I'"<>r a jHTiixl \w wa.s 
in conmiercial partnership witli Alexander Ciarden, and lie sup|)lied 
ap{xiratu.s to such eminent chemists as John Dalton and John (>orham 
of Harvard I'niversity, Massachusetts. Twt) of the most influential of 
Accum s many publications w ere a Practical Treatise on Gaslight ( 1 S l .'> ) 
Lxx iii, facing p. i2 Kr, and a Treatise on the Adulterations of Fuoci and 
Culinary Poisons (iSiio). The latter helped to arouse public concern 
over the food supply of the nation. In 1 hM) a microsco()ical examination 
of ground coffee by Dr Arthur ilassall established for the first time 
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[10] SlidiTuk'ftirchfmical fquivalents, 
sigiK-d: II'. Curv, Strand,. Jan. i IHl-t. 
The printed tabic on tlic rule is that devised 
by William I lyde VVollaston ( 1 766 1 8S8 ) . 
With oxygen as standard, at lOon the 
scale, he calculated the combining 
proportions of various substances and listed 
them on the logarithmic scale (nrnx 1 o to 
3<iO. William Cary ( I75f> IHSS) was a 
pupil of Jesse Kamsdcn. Dimensions 
,so6 X 6.1 X U) mm. 

18I +. Museum iif 'lhf llislnry nf Snrm r 
(^92). 



a satisfactory means of detecting adulteration. His research received 
wide publicity, and he was commissioned by The lancet to extend his 
work to other foods. For the next four years tlie reports of The Lancei 
Analytical Sanitary Commission were regularly published, giving 
names and addresses of hundreds of tnanufacturers and tradesmen sell- 
ing adulterated products. 'ITiese revelations led to the setting up of 
a parliamentary committee, and, in 1860, to the Adulteration of Food 
and Drink Act, the first of a number of Acts to ensure the quality atid 
purity of food in Britain. 

The mm FckkI and Drugs Act required public analysts to be 
appointed throughout the country, to provide a systematic means of 
testing samples. By the end of the century, the fimi of A. Ciallenkamp 
& Co. of Ivondon, established as scientific equipment suppliers in 1880, 
was putting out a catalogue entitled: Apparatus for the Equipment of 
Public Analytical Laboratories: For the Analysis of Milk, Water, Food, 
Gas. Sru ageelc. During the same period, a scries of Public Health Acts 
made local authorities responsible for dealing with proper sewage dis- 
posal, the provision of a pure water supply, the ins|x.rtion of manufactur- 
ing premi.ses, including slaughter houses and dairies, and many other 
matters. All these measures, essential in a country with a rapidly 
increasing urban population, greatly extended the practical applications 
of chemistry. The chemist was nee<ied, in increasing numbers, in 
govenmient and industrial lalx)ratories. 



C UKMK AL .\1M'.\R.\TI'S .\ND INSTRUMENTS 

Although some chemical ap(>aratUvS and itistruments were in uae lung 
before the nineteenth century, and continued to be used during that 
century, much that was new was developed in the period. A stinmlus 
was the rapid progress in chemical theory, which became more .systema- 
tic, and more numerical [lOj, 'ITie reasons for this lie partly in the 
conceptual advances made by I<avoisier, John Dalton, and others, and 
partly in instrumental advances, particularly in the chemical balance, 
that l>ecame a precision instrument {see Chapter 3). lliis new, preci- 
sion tool extended the limits of experimental corroboration of theory. 
As Humphry Davy w rote, in Elements of Chemical Philosophy ( 181'J): 

Nothing tends .so much to the advancement of knowledge as the a|>- 
plication of a new instrument. The native intellectual powers of man 
in different times are not so much the causes of the different success 
of their labours as the peculiar nature of the means and artificial re- 
sources in their possession. 

The new industries, such as gas-lighting, and railways, required 
chemists to control and dexeiop products, and so employed men who 
worked in laboratories. Hie growth of specialist chemical apparatus 
manufacture was thereby creatwl, with a gradual end to reliance on 
the individual craftsman. Early manufacturers were Acvuni, Knight, 
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tZ F''r»t pafreofa cataloguo published by 
J. J. Griffin & Co. in 1850. Thv wood 
engraving shows a typical mid-ccntury 
chemistry bt'ijch. 
1 850. Sciencf Muuum ( photograph 
1101/7^). 



GRIFFTVS sriFXTiFir riRrrL.\i{. 



DECEMBER. 1850. 



« utvRirniK xxo lu-tTniATtu c.*t.h.<«oi.t or 

<rabinrtd anD CoUtrtions 
CHEMICAL AND PHILOSOPHICAL APPARATUS, 

SUITABLE FOB PRISBB ARD PRB8BKTS, 
orrnxD roi ulc at tut Amxtv men ar 

JOHN JOSKl'H GRN FIN AND COMPANY, 

C^rmuAl idulrum* Biirr ^trrrt, partman ^qu^rr, Luntron ; 
UK II.MiU GRIFFIN k Co., GLASGOW. 

twillHi k li in milipil 11 Mil Ir-n pi - TW i«|ili 1 Pii>l»l ftili mt 

HiltmHimim It tuft ui iMIm w« Mfliy r i i i r —iM li nnf n— I I» put ■» 
■STiiiiiIii >«»»»<»»»» fcpM ■■ wlmTTM^ .^ I i fcrT I I .i ItK ly Mt. 

iXat Mi<te taC« iMda i j lMl j to It Ov aad «• ' - 




Aa th* Artialca in iliii I. .m. < ' ' -"^c vilh No. KI70, !t M Bi OT i t y ta 

■MliMU tlut tlw Aitiekn No*. 1 la am) an niali)W<d in ma Ouckul DBer^- 
tlT* C*TAi>'^iic or CiiuiiCAi. >!iii I'nitwoi-uirtL AprittTim. tlw Im* editioB of 
vhi«h mu pubiidinl in Murh, liOU, ia ocUTV, illwtntsd by ItliU wowlcat*, 
price ir., or pod in* 9$. (M. 



Button atid (Jriffin 1]. Quantity pnxliiction led to cheaper ap|>aratus 
and increased trade. There was now the opf^K>rtunity for iniio\atioii 
by the manufacturer who could make special apparatus for special needs. 

Hie Great Exhibition of 18.51 containeil few entries under "Chemical 
.-Vpiiariitiis'. .Ttid about half of tlu-Kc wen- to do with <'l€H-tric IwttiTit-s. 
Balances were in a different jwrt of the exhibition. IVai.se was given 
to Cjemian glass-ware for its lightness and durability. A cabinet of ana- 
lytical laboratory apparatus that was awarded a Prize Medal was .shown 
by Knight & Sons of Ix>ndon. It comprised ; 'graduated cylinders, jars, 
blow-pi|K's, an improved bellow. s, pneumatic troughs, chemical tests; 
lamps, retorts and other glass articles; apparati from iron and earthen- 
ware, arranging furnaces, mortars etc., l)eing a complete .set of articles 
in daily use by the jiractical chemist,' 
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~ 1 '-^/^ • 3 1'hari ttal turnare made of 
R'I'raciorv firwlay (lu-ifjln 1«<) mm, 
diamt'ttT \ M) nun), atui bound with imn 
stra|»s.,sipn«l: morgan f. no I. and. 
Htf(ht : a tniciblc of fireclay, with a hd 
(hfight ."JSo mm, diamt-ti-r mm). 
Mid-I})thtx'imiry. Museum oj the llistoryof 
Saeme ( 1 :23.5). 



[^1 33 Six Butiscn burners. I^fl to rifrfit : 
bras-s tube adju.stable for angle, ca.si-iroii 
ba.se embos.sed: lOWN SON ^ MKKCEK 
LONDON ( 1; ) ;eo|>jHTtuJK', with metal 
gaupe on top, cast-iron base, embossed: 
C AMBKIIXJF. IN.STRUMENT CO. {!)); 
bra.s.s rose-liead to spread flame, cast-iron 
ba.se ( I'J) ; bra.ss tri.inpular Hami'-spri-ad«.T, 
cast-iron base, embossi-d ; B .v I R D & 
IW TLOfK ( /O) ; triangular, adju.siublf 
sup(x>rt at top, and air control tap : cast-iron 
Iw.H- emlKW.Sfd : PAI L HAACK At S I KIA 
(/.■<); iron tube and casi-irtin base ; air 
intake by collar opt-rated by a lever (7). 
The Bunscn burner was designed for 
ln-ating, and so used a gas/air mixture. It 
was first nmde in is'>.'.. lli-ight I K>-lHOmm. 
I jte I i»th century or early 'iotb century. 
\Iumtm uf the History ofSi ieme. 
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[I4j Illustration in C R. Alder Wrifjht, 
The ThmholJ oj Sciemr \>. .i, which shows a 
Bunsen bunu-rand associated a|>|)anitus. 
189a. 



Knjn"''^ '"K'''""' Aliniliani Kccs, The 
CydttfMfdia, platrs volutiu- 1 1 ( I^ondon, 
1820), Cl)en»istry plaic XI. 'Flit- cngraviii); 
is dated I s 1 i A spirit lamp blowpipe 
above, aiid a riuiuth blowpi|x- lielow, ol'tlie 
Cronstedt pattern. Tlie blowpipe came into 
use during the late I «th century to give an 
intense, controlled source of heat for 
mineral analysis. 1811. 



Furnaces, Bhic lamfn and Burners 

The new style of chetnist iKt-detl a soiircx' of heat that was easy to ma- 
nipulate, that was |x>rtable, and would heat up quitkly. 'Hie fixed fur- 
nace, like the kitchen range, was superseded by the small, black lead 
and iron furnaces, that were portable. Another useful portable heat 
source was the .\rgand lamp (.see Chapter 7), the invcntii>n of Aime 
Argand ( 17.'»<>-1S()3). Hi.s lamp, which burnt paratfin. was ]>atentitl 
in I.,ater, gas burners were used, the most famous being the 

Bunsen burner Ll.l 1 iinented in 1 s.'i.'i by Robert Wilhelm Bunsen 
(1811 Hi)). An important eighteenth-century innovation in the provi- 
sion of heat was the inten.se, controllable .source j)ro\ idetl by a nu)uth 
blow pipe Cl'^I- This became most important in mineral analysis, and 
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[^16^ Blowpipe analysis kit, signed: 
MANTFACTURKU BY J. T. I.ETCHER 
T R i: R O Cornwall. 'I"hc kit, in a mahogany 
box, comprises a blowpipe, agate (x-stle and 
mortar, cobalt glass, magnet, steel anvil, 
spirit lamp, tallow I'aiKlle, charcoal 
[tastilles, platinum sheet and wire, porcelain 
block, w^ooden phials, and glass bottles with 
reagents. The I»ndon ScH'iety of Arts 
awarded a silver medal for such a kit. Box 
i270X I120X Komm. 

Ijte lyth century. Musfumof Ihr UtsloryoJ 
Sarnce(l(i). 



Blflwnin* 





later in the study of chemical cunstitution generally. Tlie blowpiix? pre- 
sented two problems; the desirability of finding a substitute for the 
human ojK-rator, and moisture condensing inside the tube. In the nine- 
teenth century bellows were often used to operate laboratory blow- 
pi|>es, and higher heat was achieved by employing oxygen, or a mixture 
t)f oxygen and hydrogen. The firm of J. Newman made a number of 
oxy-liydrogen blowpij)es, including the well-known model devised by 
Goldsworthy (iurney, a chemical lecturer, who received a gold medal 
from the Society of Arts for his invention of 1 his. However, in addition 
to these large and complex blowpi|x.'s, the small, simple version conti- 
nued to be popular as the nucleus of p{)rtablc kits for geologists and 
others Qie & I7j. 

Crystallography : the Goniometer 

Up to now, we ha\'e been concerned with a more traditional conduct 
of chemical operations. During the nineteenth century there came into 
use pieces of apparatus and techniques borrowed from the physicist, 
who in some ways was more advanced in his subject than the chemist 
when the century opened, a time when there was scarcely any common 
ground between these two branches of science. It may bo said that the 
chemical atomic theory of Dalton, profxiunded in the first years of the 
century, marks the watershed between qualitati\ e and quatititative stud- 
ies, where the physicist could join in through his interest in the internal 
structure of matter. Dalton had observed numerical regularities in the 
combining weights of elements, and others were to observe regularities 
in combining \olumes. Crystallographers realized that crystals might 
look difiereiU, but that tliose of the same substatice always had faces 



Cc ' ' • ' material 



CHEMISTRY 




7~ \1 incralogical prospector's kits, that 
on t\w left sigiU'd : C. Osicrlaikl 
Mechaj»iker in Friedborg Sachsen. That on 
the right is unsigned, but is of German 
manufacture for the l-Yench market. 
Miii-lf)th Century. Sciencr Museum 
( ISi/it 'JST, 3(H). 



[18]] Group of beechwood crystal nuKlt-ls, 
made in Paris under tlK- direction of Kene 
Juste Haiiy ( 1 ~-h3 1 82i2 ) for Martinus van 
Marum { 1750-1 837 ) ofHaarlem. Three in 
tlie lop row show Haiiy s ideas of how a 
cTj'stal may be buih up of a .series of units, 
molnrulf inlrgrantf. 
I802-1-. TeyUr s Muteum (nn). 
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L 1 ft' Two crystal goniometers, sipned 
lejl : I. Sf-u nMn r.'L' Rrgrnl Slrret 
l.oSlX)S: rififit W. it QS.j Jont's I-cmkIoii. 
Tlif contact goniometer [righl, radius 
4,4 nin> ) is the pattern used bv llaiiy. 'Hie 
full-circle jjonionieter ( kjt, radius M mm ) 
is W, H. WoUaston s design ot 1 K()9. John 
Newman ( f1. 1 8 16 1 83« ) started at 7-8 
Lisle Street, and movwl to I -ii Kegetu 
Street in 1827. 

c. 18,'K). Musfum of Ihf Iliitury of Si irnce 
(G4-^l{i;S!t .')). 




that kept exactly the satne iiiterf'acial angles. The great French crystal- 
lographer, Kene Just I laiiy { 1 74.1 1 ) , even proposed that the exter- 
nal appearance of the crystal's facets was a refiectioti of the intenial 
structure, a series of huilding hhx ks whirli he railed molecules integrantfs 



The goniometer iuea.sures the interfacial angles of crystals. The con- 
tact goniometer Hy", used at the turn of the century by I laiiy, consists 
of a small precision senii-rirde, w ith adjustable amis to fit the angle 



but the improvement of the instrument made by William Hyde W'ollas- 
ton ( 1 76'6' 1 828 ) entended the work to very small crystals. It ctmsisted 
of a full circle Llf", on liie axis of which the crystal could be mounted; 
the interfacial angle was measured by a beam ol light refltn ted oH the 
fatx's. 

Structure Models 

Iluiiy s idea that irystal mor()hology is a rclltrtion of trystal .structure 
proved to Ix* fundamentally correct, and led towards what is called 
stereo-chemistry, the study of structure in three dimensions. It is conve- 
nient, and instructive, to illustrate the arrangement of the atoms in 
a molecule by means of a spoke and ball model, a practice that continues 
in .sch<H)Is and colleges tt) this day. The finst of such models to Ih* |)ro- 
duced werethe glypticforniulae' kits j.'O .v xix.facingp. 'iH~,describe«l 
originally in tlu' first \olume t)f the jieritnlical. The l^horulorv, pub- 
li.shed in I8fi7. 

TJie Spectruscope 

One of the most powerful analytical techniques invented in the nine- 
teenth century was speetro.scopy. It arose by accident front work on 
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Qao^ Tlif explanaH)ry <.'harl atlaclicd to 
the box containing the molecular nuxid kit. 
.shown in plate xix, facing p. 'i4I. 
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the di.s|X'r.si<)n of'jjla.s.s by Joseph von Kraunliofer ( 1787- ISiJfi). who, 
in 1814, noticed that the Sun'.s six-ctrum, as dispersed by a glas.s prism, 
was crossed by hundreds of fine dark lines. In I8i>6' William Henry 
Fox Talbot made the siijrpestion that the sinrtral light from biiriiirij!; 
a substance might be an aid to chemical analysis, but it was matiy years 
before the idea was <levelo|X"d. .Altiiougii W'illianj .Alien Miller 
( I817-70) ])ublished in 184.5 a pjx'r on s|x-cirum analysis, he did not 
convince .sceptical chemists of the practical u.sefulnes.s of the sfx'ctro- 
.scope. This was fully proved by (nistav Robert KirchhoH ( I8'J4 H7) 
and Bunsen working at HeidelbiTg. Bun,sen wrote in November I8.'>.M 
to his fonner pupil, I lenry Knfield Ro.scoe ( 1 SSS-lSlft ), now profes.sor 
of chemistry at Manchester: 'Kiivhhfiflhas made a most beautiful and 
unexjK'Cted di.scovery: he has found out the csiu.se of the dark lines in 
the solar .s|X!ctrum.* He went on to say that now the composition of 
the Sun and the stars could be determined, as well as all manner of 
chemical substances in the labt>ratory. lliis was because the atomic or 
molecular structure of a substance caused it, when heated, t<» emit light 
radiation in bands of colour strictly characteristic of that substance alone 
l^xv. facidjr |> 'J H~ . 

Kt).scoe w as an enthusiastic supporter of the Kirchhofl-Bun.sen tech- 
nique in Britain, and he introduml a wide audience to the value of line 
s|x'ctra tor chemical analysis, by lectures, by translating Bun.sen and 
Kirchhofl's classic work, and by his own SfH-clruni Aiialysis ( I K(>;) ) . Hie 
result of this was a demand (or jirisn) s|x-ctr<)sco|x's, and attempts were 
made to make them more sen.sitive by adding more and more prisms, 
even up to ten. 'Hie firm of John Browning, already in optical instru- 
ments, Ix-canie well known for it.s s|x>ctro.scopes (see Chapter .•>). 
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[2 r Typical spt'itruM.-o|)v, unsigned, 
probably French. The collimator on «1k- 
right jW-sM's the light via a slit to the prism, 
which disperses the light and this is 
nl)ser\ttl by the telescope on the left, llie 
middle collimator projects a scale into the 
field of view, the illuminator being a gas 
flame (the bunier is just visible)- A sei-ond 
prism can be introdiKed at will for greater 
disjxTsion. Height ^.'><) mm; length of 
telescope mnJ. 
c. 1H70. TevWr 's Museum }. 



ijiij I^irei t vision spectroscojx'. sigjied; 

.S|"l';c I Hl>.Sl t>l'K A V ISION UIKIA I K 

|>ar J. Ci. Ilofmaiiii Paris. Tliesule tul>e 
allows the spectrum from the Sun to be 
eompared with the light from a sample. 
'Ilie dark Fraunhofer lines in the Sun's 
spectrum provide a wave-length standard 
to identify the emission lines in tiK' 
sjjectnim from the .sample. Overall height 
.'MO mm: overall length JT.'i mm. 
r. 1K7(). Teyter's Musrum (sos). 



They were made for the chemist, the physici.'it, the astronomer, and 
for attachment to the microscojx'; and in addition to all the.se larger 
models, thcif were pocket-.sizcd dircct-vi.sion s|x?ctroscopes ~J2'ij. 

The s|H.'Ctro!»cojH.' is the oldest optical methiKl of chemical analysis, 
and it has been argued that it has aided pure science fx.*rhaps more than 
any other instrument. It must be borne in mind that the theory behiiul 
the workings of an instrument doe.s not have to be understood, llie 
atomic origin of line spectra was not known, but once the pattern ol 
lines rev ealed by the s(K*ctro.scope was seen to be a fingerprint' of an 
clement or compound, then the way lay o|x'ii to analy.se mixtures very 
.simply. 

During the course of his experiments, KirchhofThad analysed a sam- 
ple of tbf ii)iMcr:il watiT from tbi- I)urUli<-ini sprinpjs .-\iiion^ th«' fami- 
liar lines were two new blue ones. Using the facilities of a nearby fac- 
tory, Kirchhoff was able to reduce l'i,tKX) gallons «)f water to produce 
for him seven grammes of a new element, which he called Caesium, 
meaning "sky-blue", the name being de.s<Tiptive of tiie colour of the 
spectral line. He found yet another new element during the .same pro- 
cess, for he collected ten grammes of Rubidium, so named because the 
sfx-ctral lines were dark red. These discoveries were made in ISh'O, 
and Kirchhoif thus increased the number of knowtj elements to 59. 

.\ mathematical formula that connected the frequencies of the lines 
in the sfK'ctrum of hydrogen w as put forw ard in I KSa by the Swiss 
mathematician, Johann Jakob Balmer ( 1 H'i.'> W), but the mechanism 
of light emission by liydrogen was still not understood. Tlie real physi- 
cal significance was di.scox ered in 15>13 through the theoretical explana- 
tion, involving quantum jumps in the structure of the atom, given by 
the Dani.sh physicist, Niels Ilendrik Bohr ( 1«85 196"!2). 

The Polar i meter 

.\ similar example of an instrument being u-sed for analysis, in advance 
of the theoretical understanding of the way it worked, is the polari- 
meter. This is an instrument that uses jK>larized light, which is passed 
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Folding case of glass InittlcK 
«>niaining samples of the elements and 
com|x)unds. The key is handwritten in 
(Jeniian. Closed Uiio x liio x .40 nun. 
I^te l.'Jtli century. Musfum liofrluitnv 



[^ii'l'' Saivluii iiiictd , aigiH-U. I Ic'i iiiaiiii {V 

Phister, Beni- A destriptive painplilet with 
iIh' instrument is titled: AnUititng sum 
Clehrauih ties U'lUi'schrn Poliinslroboniftfr 
( Sanhannifter, DuhflomeUr ) in srinrr 
Hfiislen. 'i-erbtsserUn Form ( Brrn, tHUH). A 
sat chaririieter is a (K>larin)eter adapted for 
use with white light, and it measures the 
optical activity of sugar solutions, 
f. 18«8. Teyter's Museum (*3H). 




• SINK T E K N 1 }I -I' K N t I K Y SCI V. \ T I K I f I X ST R V M F, N T S 




^a.i' Refractotnt'tiT for testing tht- purity 
of butter by its refractive index, Water at 
a (otLHtatit teniiKTaturetan be pjissed 
through the s|Kt'inK'n chamber assembly. 
This is an Abbe refractonieter adapted fur 
a spei'iai purpose, r. ISfX). 



through a plas.s tub<> containing a liquid. Certain oils, sugar st>luiions, 
and so oti, ha\c the power o( rotating tfic plane of ixdarizatiiMi, and 
the numl)er of degrees of rotation is a measure of the "optical activity*. 
That fH)larizatioii was a general projierty of light was tliscov ered in 
Paris in 1808 (see C'liapter f>) and one man in {wrticular was attracted 
to the new possibilities for research. This was Jean Ikiptiste Biot 
( 1771- 1862), and he at first believed that only solid crj'sials could 
rotate the plane of ix>larization. In 181. I, however, he found that a long 
tube containing tur|K'mine acteil like the solids, and thereby re\faled 
that the pri)|>crty was inherent in the molecules, and not merely in the 
orderetl arrangement found in a crystal. 

Biot designeil the first |x>larimeter, which incorporated a tube of stan- 
dard length to contain solutions of know n strengtli. In 1816', and again 
in ]HHti, Biot worked on sugars, and was able to sIh)W that cane sugar 
and beet sugar have the same optical acti\ ity and are therefore identical. 
This le*i to the invention of the siUtluirimttfr J-' t-". which i.s a s|x"cial 
tyjjc of [K)larimeter adapted for use with white light ratlu r than with 
tlic yellow, monochromatic .scxiium flame. 'Hie sacrharimeter became 
widely ustxl in breweries, to control processes and quality, and in the 
foml industry gerterally. The modern physical explanation ot rotatory 
(x>larization by molecules comes frotn the work of a niunlKT of physi- 
cists during the second decade of the twentieth century, 

The HefrafUmeter 

This is an instnmient devised for measuring the refractive intlex of 
transparent materials, in particular, glass ~iJ;'>". Originally used in op- 
tics, it was adapted for use w ith Tnjuids by Carl I'ulfrich ( 18,58 1927), 
who, in 18'«>, went to work wnli Krnst Abhe at the t arl Zeiss works 
in Jena. bm>ming head of the optical measuring instrument depart- 
ment. He designed an adaj)tation of Abbe's refrat tonii ter for the u.se 
of chemists in 189.5. 'i"he I'ulfrich rt-fractomeler measured the tritical 
angle at the surface between a liquiil and a glass pri.sm whose refractiv e 
iiuiex was known. I'ulfrich also adapted the instrument for u.se with 
butter fat, and other fats atid oils, sitice its application to food testing 
<iuickly became apparent. The same principle was also used in his work 
on rare ga.ses by John William Strutt ( I8|.*i l.')If*), later Lord Ray- 
leigh, who discovered argon, a rare ga.s, w ith William Ram.say, in 1 8.M 1-. 

The Calorimeter 

Crude colorimetric detenninations were first made duritig the 18,'jOs, 
'Iliis technique relies on the colour t>f a sample solution tx-ing c«wn(>ared 
with a standard soluti«>n of knt>wn ct)m|K>sititni, A, Jacquelain ( 
H.5) devised, in 18 k'>, a method for tlie determination of cop|»er, 
based on comparison of the colour of cop(>er-ammonia salts. In 18.').'{ 
.A. Miiller ( 1828 l}K)«) described his 'Complementar t'olorimeter", 
which had otily a single container and adjustable tube. A .second con- 
tainer and tube for the standard solution were added in 18f».'{ by V. 
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I>fliin, uiul tliis arrangrnu-nt was furtluT improved by tho French o[v 
ticiaii Julex Duboscq (1817-86") in 187(). His instrument l>ecame the 
most widely used colour comparitor, or colorimeter "26". 

The Osmometer 

During his investigations into tiie difl'usiun of soluble substances during 
the 18.50s, Thomas Graham ( 1 80.'>-6'9) distinguished two sons of sub- 
stances: those, which he called crystalloids, that diffused into solution 
very quickly, such as salt and sugar: and colloids, such as gelatine and 
albumen, that diffused slowly. He discovered that if diffusion takes place 
through a membrane, like thin parchment, the crystalloids still diffuse 
quickly, but the colloids Iiardly at all. 'I his study developetl a method 
of separating solutions, called dialysis, that has become very important 
in medicine. Graham went on to study various types of animal and vegc- 
tal)le semi-jK'rmeable membran«'s that pro\ ide a barrier to colloids. The 
name given to the phenomenon of passage through a membrane is 
osmosis, and the osnmmeter 1^7'^ was devised to make measurements 
of the prtx-ess. 




Qafi] Colorimeter, .signed: J. Dl'Bost y 

P. PEI.I-IN P.\RIS. .\1.S<) iM.scrilK*d: 

colorinietre. In this, an improved model, 
the s|Kfiineii h()l(l<T.s move and tlieglas.s 
plungers arc fixed. Tlie light is reflected 
upwards f)y the mirror, jia.sses through two 
Containers holding titc sample and the 
standard .s«>luti<>n.s, through two gla.ss 
plungers, through |)risins to the eyepiece. 
The solutions are moved relative to the 
plungers until ilie colour densities of both 
solutions arc the same. Jules Duboscq 
(1817 ««) was joined in isss by Philippe 
Pellin, who continued the firm alone after 
XHHO. Baac I7r>' X )7N nun : ovorall hrifrlu 
!>M) mm. 

c. \HHA. PnTalfCulln lwn. 

[^27j Pair of'o.Hmonieters used in 1 8.^i+ by Thomas Graham ( I KC)."; 6!) ) for 
studying osmotic pa-ssure. Osmosis is the (wssage of liquids through semi- 
permeable membranes, such as a pig"s liladder. Tliis was fixed across the l)as«.' 
of the 'beir. with a salt solution inside the vessel. 'Ilie wfiolc is then placed in 
water so that theli<|utd levels inside and out are the .same. The water gradually 
pas.scs through the membrane and the column inside the i-alibrated tuk' rises. 
1 Hr> l: Siiemr Museum ( I Hft+ I HHf ) . 
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^281 Group of chemical appratus. Left to 
right, front row: porcelain pneumatic 
trough (length 17o mm) with gas- 
collecting cylinder to l"cu. in. {height 
1 7 1 mm ) ( 90) ; a gas Iwttle with S-tulx- 
coniK-cts with it ( / f * ) ; a te.st glass, or 
pn^cipitating glass (height mm). 
conical, with lip, the forerunner of the test- 
tube ( ;«7) ; a test-tube (length UK) mm) in 
a walnut rack ( base 1 70 x A.s mm ; height 
76 mm ) ( 197) ; a u-tort in green glass, 
with a brass stojK'tick (overall length 
ac/j mm ) , the tap signed : KNIGHT 
FOSTER LANE ( ISh). Baikruzv: Hope's 
eudiometer ( height 3-R) mm) {1 14); a 
spark eudiometer ( height 293 mm ) ( 130) ; 
a voltameter (overall height Ifio nmi) used 
for the electrolysis of w ater into hydrogen 
an<l oxygen ( Hf)H ) . 

Early l}»th century. Museum oj the History 
of Science. 
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The Eudiometer 

The purpo.se of this in.strumenf is to measure the purity of air, that 
is, its oxygen content, infonnation that was particularly significant for 
studies in respiration. There arc certain substances that absorb oxygen 
without absorbing nitrogen, and the.se were u.sed in eudiometry exper- 
iments. Tlie method dev ised by Alessandro Volta ( 1 7+5-1 8^7 ), at the 
end of the cightcciitli century, was to use hydrogen to absorb tl»e oxy- 
gen in the air .sample by means of an electric discharge. His so-called 
spark eudiometer TiiXJ was described m two letters to Joseph Priestley 
in 1777 and 177K. Humphry Davy devised in 18.S0 a spark eudiometer 
on a spring-loaded support, that acted as a shock absorber when the 
gases were explodetl. Hunsen, who worked on tlie combustion reactions 
of gases in the I8;>Os, also designed a s^vark eudiometer with platinum 
wires bent inside, clo.se to the roof of the tubt?. 

The eudiometer, devi.sed by Thomas C'harle.s Hope ( I76"«-I8'14) 
and publi.shed by William Nicholson in his Journal of Natural Philoso- 
phy, Chemistry and the Arts, u.sed a solution to ab.sorb the oxygen [jlVT], 
and was intended for analysing atmospheric air at lecture-demon- 
strations. It used an alkali sulphide solution to absorb the oxygen. Tills 
was contained in a bottle, into the neck of which the tube with the 
air sample was inserted. When the Ixittle was placed under water and 
its side stopper removed, the level of the w ater rising into the graduated 
tube showeil how much oxygen had been absorbed. 

The I'ollameter 

Electrolysis of water is the process by which water decom|X)scs into 
oxygen and hydrogen when an electric current is passed through it. 
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In 11S9 two Duui) chemists used stativ electricity lor experiments on 
the electrolysis and sjmdiesis of water. In 1800 Willian) Nicholson 
( 1 T.'j.'i- 1815) and Anthony Carlisle ( 1768-I840) observ ed that a bead 
of water on their voltaic pile, or batterj', was producing bubbles, and 
the gas was later proved to be hydrogen and oxygen. Michael Faraday 
( 1791-1867) found a practical measuring function for electrolysis by 
(Jisan eriiip, in I M.si, that lit' cdiild nieasiire thr power of hi.s battery 
by tile quantity ot water that wa.s decomposed in a unit time. He called 
the apparatus a Volta-electrometer t^sj, which was soon afterwards 
abbreviated to voltameter. This should not bo confused with a volt- 
meter, which measures the tension of an electric current. 
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An Instrument I amtriv'd to shew ail the minute variations in the pressure 

of the Air; by which I constantly find, that hforr. .imi (/»;,,',■<; //,v i.'me 
of rainy -ii fulhcr. thf prfssutr of Ihf .-fir is IfS.s, iii ilr\ \, t'J!/itr, but 
especially u.hen an I'Mstern ff 'ind Wou.v, // is much more, though these 
changes are varied according to very odd Lam. 

Robert Hooke, Miengn^hia ( I66A ) 



From t arlit st times, man as aj;;ric(ilturalist and navigator has obscn ed 
and attempted to forecast tlic wcatlicr. llic scientific study o\ changes 
in the atmosphere began in the mid-seventeenth century, arising from 
ex[>eriments to do with the existence of a vacuum, which was denied 
by tlif rlassira! [ihildsdphtTs ( 'natiirr a!)l)<)rs a \ aiuuni' ) . If a long tuln' 
is tilled with water and inverted into a bucket containing water, then 
the column of water will fall until its weight is balanced by the pressure 
of air on the Sur&oe of the w ater m the but-ket. There will then Ih' 
a vacuum at the upper, dosed end of the tube. With water, the heiglit 
that the atRioftplicrc can auppurl is uf the ur«Jc-r of .SO ffi-l (f>. m). 

Using the heaviest liquid possible, the liquid metal mercury, the atmos- 

pherc will ■■u[>p(>rt a tohinin ot ,)<! iiulies '~fy2 mm) only, beeause of 
the much greater density ot tlie liquid, i lierelbre mercury proved to 
be the most convenient liquid for use in the barometer, the instrument 
devised to measure the weight or pressure of the atmosphere (the word 
is deri\ e<i from tlie (Jreek word for weight). 

The first man wiio made an instrument to show changes in tlie pres- 
sure of air was Evai^lista Torricelli ( 1608-47 ), who was a Florentine 
pupil of Galileo. Me described his e\|KTiments with a tubi^- containing 
nu n urv in three letters written in June 16'1-I-. i he variations in the 
ia igiii of a column of mercury can be shown and measured, and will 
record changes in atmospheric pressure. In fine, dry weather, the pres- 
sure will be high, and the column will Ix' around the maximum height 
of 31 inches (787 mm) ; when it is rainy or stormy, and the pressure 
is low, the height of the column will fall below 29 inches ( 735 mm ) . 

A demonstration ap|>aratu.s to show the effects of heat was the thcr- 
mosrope. devised by (lalilfo. which consist<-(l of a < <ilu?t)i) of water in 
a spiral glass tube that rose as air m a bulbous reserxoir expanded 
when warmed. 11k' thermometer is a descendant of Galileo's thermo- 
scope, and ix used to measure temperature. The problenw in making 
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a tlicriiiuiiicler wvn- to find a sulj.staiur wiiUli would rc.s|)<)nd unifomily 
to changes in temperature, to produce a tube ol unitbrm cross-section, 
and to devise a suitable scale for measurement. Daniel Fahrenheit of 
Anistt rdani, udrUing^ in tin- early years of tin' t'ipjhteeiith renturv, was 
tile tirst man to produce a tlicrmometcr ol an^' accuracy. 'I'lie mercury 
and die alodiol thermometers are used for meteorological ( or medical ) 
purposes. For the scientific study of heat, wfakh requires the meaaure- 
nicnt ofcxtn tiu- of lit-at and cold, other devices are needed. 

By the mid-eightcentii century, instruments had, tlierelbre, bc*en 
invented to measure the pressure of ^e atmosphere (the barometer) 
and its temperature (tlx- thermometer). A thir<l ini|Kirtant (|uality, 
humidity, could alsi> l)e demonstrated by a method usually attrihuted 
to Kuhert lIiK)kc, and used in an instrument called the hygrometer. 
The beard of the wild oat was found to be highly responsive to damp- 
ness in the atmosphere; it forms a tight spiral when dry, but uncurls 
in res|ionse to humidity in the air. On harometers made |Mist-17'>(t, 
a hygrometer using this material, or otxtasionally ciitgut, is fre- 
quently found. From the end of the seventeenth century these meteoro- 
logical instruments [>ro\C(! nf | ariii ii!;ir 'nip< 't tance to astronomers. 
The atmosphere acts like a great ])ri.sm, l>ending the light received at 
the observatory from the heavenly bodies. Astronomical measurements 
required adjustment aei ordmi^ to the pressure, temperature and hirnii- 
dity of tile atiiKtsplK-ri' .\s it ln-eaine possible for astronomers to make 
their measurements to increasingly finer standard.s ol accuracy w ith the 
improvement of their mathematical instruments, they required a com- 
parable a( curacy in meteorological instruments. 

It is thought that the oldest of all nieteoroloi!;i< al instruments is the 
rain gauge. Although of very ancient origin, it was not apjwrenily used 
in Europe until an isolated experiment was recorded in Italy in 16S9. 
Basically xcry simple, a container left in the opi'ii so that, after rain, 
tile depth ot water can be measured, its measuring capacity was refined 
in the seventeenth century. A wide funnel was used to lead the rain 
water into a narrow vessel, making it easier to record small quantities. 

ITie most familiar of all iTK'teornlogieal instruments is the w ind \ ane. 
A lamous cla.ssical example wa.s that fixed to the Tower of the W inds 
in Athens in about so bc. At the end of the sixteenth century in Italy, 
gearing was attaclied to a w ind \ ane to turn a dial fitted conveniently 

in the interior of the l)uildinfj Sut li a device liecaftie |>ojHiIar. and can 
be .seen in many an.stocratic huu.ses, among them Hlenheim I'alaix; in 
Oxftirdshire. The apecd, lu well aa the tiirectiuii, of the wind Is orintei^ 
est; the earli«'st anemometer is again attributed to Hobert Hooke, and 
consisted of a .swinging plate, ratlier like a .shop sign, the level of .swing 
being recorded in degrees on a quadrant mounted behind it. 

Instruments were also made to record the length of time in which 
the Sun shines, anti the le\el of heat it produces. J. F. Campbell de\ iscd 
in lM.>a a sunshine recorder j^l j which focu.sed the Sun s rays through 
a glass globe filled with water, so that the burning point made a trace 
on a hemisphere of wood. This was later improved both by Campbell 
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and Sir Cieorge Stokes ( 1H19 IMO.i) by usinp a solid sphere of glass, 
and a strip of fvajK-r to rtrord tlit- liurning trace To measure tlie Sun s 
heat on a given area, an instrument calle<i a pyrheliometcr was invented, 
which reci>rded the degrees of heat imparted to a quantity of mercurj' 
over a fixed jK'riod of lime. 

Ap]iaratus also exists for testing the electrical state of the atmos- 
pliere; some is sufficiently sensitive to sliow the diurnal variations in 
atmospheric electrical charge. 'I'o record the amount of ozone {O^a" 
isotojx' of t)xygen, (\) in the atmosphere, chemically impregnated 
paper was used; hilxiratory tnjuipment also existed to produce ozone 
for experiments The harograpli [Sj and thermograph are automa- 
tic recording instruments, designed to provide a constant record of 
atmospheric changes, often by an ink trace on |Mjx'r, m<tveil by clock- 
work. 

The scientific study of the weather inevitably remained limited until 
man, and hence instruments, became airborne, a process which began 
with the invention of the air balloon in MHH. A notable pioneer of 
meteorology was Jatnes (ilaisher ( IHOi^-iyOS), who, as su{x?rintend- 
ent of the magnetic and meteorological department of Cirecnwich Oli- 
servatory, organized observations in Britain for a quarter of a century. 
In IH({^2 he made a series of scientific balloon ascents which attracted 
much publicity. Throughout the nineteenth century, and until I91+, 
a range of specialist instruments was designed to make atmospheric 
observations, first from manned balloons, and, later, in kites and 
unmatuied balloons. These latter made systematic recording much 
easier. After I940, meteorographs, as they were called, were aban- 
doned in favour of the radiosonde which transmits weather information 



[ I J Sunshine recorder, signtti : 

PII.LISC H ER «8 NEW BOND s' 
LONDON. Thi.s form ofin.strument was 
de% i.s€tl in 1 H.'i.H by J. F. Campbell, and 
iiiiNlified by CJeorge Stokes in 1 880 to take 
a strip of paper which record.s the burnt 
trace made by f»)cusiiig the Sun Ijy means 
of the glass sphere. By 1KH.'> thclatitude 
adjustment was fitted, 'llie base is of black 
marble ( 267 x 2fi8 x 38 mm ) ; the axis of 
the glass sphere (diameter 102 mm ) can be 
set for latitudes In-tween O and 70 \ 
f. \tif)0. Prn-aU collection. 




[22 Ozone generator, signed : T I s L E Y ' S 
OZONE GENF.RATOK TISLEY & 
SPILLF.R 172 BROMPTON ROAD 
LONDON . Ozone was first discovt-red by 
Martinus van Marum in 11H5: it was 
nami-d in 18+0 by C". F. Sfhonbein. Ozone 
is a vcr\' powcri'ul oxidizing agent, and its 
presena; was considered important for 
health. Kx|HTinicrits were made to identify 
it in air, and this piece of apfwratu.s was to 
produce the gas fcjr laboratory' us*-. 'Ilierc 
are two glass tubes one inside the other 
coated with tinfoil outside and in; a sort of 
Ixiyden jar. An electric di.scharge l>etween 
tl»c foils will ionize the oxygen in the air 
when passed through the tubes. Base 
305 X 88 mm; diameter of glass tul)e 
2B.5 nun. 

c. I ma. Teller s Museum (GOO). 



[Sj Barograph for continuously recording 
barometric pressure by a |xrn on a 
cylindrical chart that is turned by 
cliM-kwork. The movement of the aneroid 
barometer is amplified by a lever with a 
recording pen at its end. Signed: Mai ton de 
ring" Chnallirr Opt', Avtsard F>" Siu^', 
St rue IXnyale, Pans No. 237. Also 
inscribed : Baromttre holosterique. Overall 
dimensions 1 80 x 3 10 x 1 70 mm. 
f. ISKJO. Musfe d'Histoire dfs SaencfS 
(1057). 
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Stick, or pt'diment, baromfter, 
sigiKtl: //'. Cary, 1^/niIim. 'Ilii' liaronifti-r 
tuln- is .siraif;lii, and ends in a cisiL-rn. Tliis 
form is t\iv farlicst design ol lwrometer, 
which continues in the Kortin type. 'ITie 
aisv is »r mahogany. (>v<'niil letigtli 
.<«>() nun. 

i. I« K). Museum oj lltr History of Snem e. 



THE BAROMETER 

NVIiat made the baromcttT so popular for domestic use was the disco- 
very in the seventeenth tx'ntury of" the connexion between alterations 
in air pressure and changes in the weather. The simplest form of bar- 
ometer is a glass tube, under S feet (fMX) mm) in length, sealed at the 
upjK-r end ; the sealed end of the tube contains a \ acuum, below which 
is a column of mercury, and the o|ien end of the tube stands in a cistern 
of mea ury . A variation is to have a Ix-nt or siphon tube, w ith the shorter 
section open, llie |)ressure of air on the surface of tlie mercury in the 
cistern, or the ojx-n end of the siphon tulx", is recorded by the rise and 
fall of the mercury at the top of the tube. Atiother development was 
to have the tulx' bent at an angle of around so , so that the movemeru 
of the mercury was magnified, and therefore easier to measure. 

'Hie most commoti ty|)e of barometer in the eighteenth century was 
tlie stick L+I. "1 which the tube is held in a long, narrow mahogany 
case, often w ith an omanienial top. Others of this period have the bent 
tube, some w ith a mirror .set w ithin the angle, in a picture-frame mount. 
The wheel barometer was invented in the \(UiOs, and consisted of a 
siphoti tube w ith a float on the nien ury. and a pulley and weiglit .system, 
to record the rise and fall of the mercury on a circular dial. The feature 
of this type is that the tube is invisi[)le, while the dial is very prominent, 
an arrangement w liicli became very jK)pular in the early nineteenth cen- 
tury, when the so-<alled banjo barometers [[.51 could be found m many 
homes. Barometers were often associated with thermometers and hy- 
grometers, and many also incorporated a vernier scale, for greater 
accuracy ol ineasurenieni, aiiuiliei ass«M.iaiiuii >>a.i w itli «.lo«.k.>i. 

In the first half of the nineteenth century, an extensive trade in banjo 
baronR'ters was conducted from Ix)ndon l)y Italians, who retailed them 
in hundreds of British towns. The.se decorative, domestic pieces are 
conuiionly made with mahogany v eneered ca.ses that hide the mercury 
tube, but give great prominence to the large circular scale plate. Below 
this is usually a small bubble level, and abtne a thermometer: at the 
very top can be a simple hygrometer. 'Hiey bear the name of an Italian 
tradesman linked with the Knglish place name where they were .sold. 
One of the most famous of such Italian fimis, one that is still in exis- 
tence, is Negretti Zambra, who were Opticians and Meteorological 
Instrument Makers lo yueen Victoria, and to matiy State boards and 
observatories. This firm was responsible for the publication in 1868 
of the imp«>rtant manual, .7 Treiilise on Mfleorologkal Instruments, 
Kxphinatury of their Saenlifu Prim tples, Method of Conslrtu tion and 
Frattiial L'tilily. Knrico Negretti came to Kngland in 1K3(), aged 12, 
at)d was later apprenticed to an instrument maker. By 18-I-.S he was 
trading from HollM)ni, and in IK.'jO he took as partner j. W. Zambra. 
In tlie CJreat Kxhibiiion of IH.'.I the firm look the only Prize Medal 
for meteorolt)gical instruments as a group. 

Late Victorian and Kdwardian baronteters can be closely similar to 
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[Sij This engraving of a tiiiiijo, or wheel, 
baronictCT sliovvs at one side the t'omi of 
the siphon tuhe and the float whose 
movements are indieau-d hv the dial. 
Although described by Hooke in lf>Y>;>, the 
siphon tulic was scarcely used until the 
early nineteenth century in the banjo Conn 
of case. This form continued well into the 
twentieth century, and some that look the 
same may have an aneroid mechanism 
instead t>f a mcR-ury tube. This type was 
made in extremely large numbers. i\ I h70. 
Deschanfl, />. I S3. 



[S" Three ornate banjo Ixirometers, also 
called 'dial' barometers. The left and centre 
models wi-re made in rosewood inlaid w ith 
pearl or metal, with dials of silvere<l brass. 
Tlie centre one, w ith eight-day clock, cost 
^'a5. The right-hand nuxlel was offered in 
carx'ed oak, mahogany, or walnut, at Kve, 
six or eight guineas, c. 1 s«o. S'egretti 
Ztimbni, f>. I i.5. 



earlier ones, but there are also elaborate (Jothic models supplied to 
fit in w ith the styles of architecture in tiashion. Iking dtmiestic Weather 
glas.ses' they had to match the fiiniiture of libraries and halls. At the 
time, the hanjo pattern was called a "dial harometer", and tlie stick a 
■pediment barometer'. (>f the latter type, two important \ arieties were 
prtxiuccd from the 1 Srtus onwards by Negrctti & Zanibra for non-iloni- 
estic use. Hie 'Kitzroy Storm Barometer', or "Fisherman's and Life 
Boat Station Barometer' was made for tlie Board of Trade and for the 
Royal LifelK>at Institution. The mercury was in a wide-hore tuhe, 
mounted in oak, and the it'gister plate with scale and markings was 
of porcelain. Admiral Kitzroy ( 180o-6'5) had been responsible for set- 
ting upa stt)rm warning system, when he was head of the Meteorologi- 
cal Office of the lioard of 'i rade. Incidentally, Robert Kitzroy w as also 
commander of H MS Beaglf wliichcarrii'd Charles Darwin as naturalist. 

Tills Sea Coast Bartmieter' is asstKiated with Admiral Kitzroy's 
name, but it is not tlie same as the mas.'^produced "Admiral Kitzn>y's 
Barometer' (xxi, facing p. i2')6) that was made from the lH7()s until 
the outbreak of World War II. This barometer consists of a wooden 
frame bearing a printed sheet at the back w itii the scale and weather 
lore. The simplest syphon tube holds the mercury, a thermometer is 
fitted, and there is also a "storm-glass'. Hiis odd device is a glass tube 
filled with a solution of camphor, potassium nitrate and ammonium 
chloride in alcohol and distilled water. It is suppM>sed to show changes 
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C"J SympK'.soiiiftiT siglHil : Patent AJie 
i£ Sun. EJin'. No. \ R. Adic, 
Ln'erfxml. Hie tfHi^itTJlure scale is in 
centigrade and the barometer scale in 
millimetres, so this particular instrument 
will have Ixvn made for ex|x>rt. Tl>is tyix' 
of instrument is, itu-ffect, a much improved 
version of I looke's air haromeler, which is 
for ust! at sea. The thenninneter allows an 
adjustment to be made for the effect of heat 
on the air or gas in the hulh. Adie Son 
tradt d in Kdinburgh from 1K.S.5 to IKHO, 
and Hichard Adie was in business in 
|jver|X)ol from lH3.5to \H~n. Mahogany 
case n~u XM)x HO mm. 
c. Is.S.'i. Muser d'Histoire des Scietti fi 

(HfM). 



in the solubility of the crystals, and their rise and fall in the tube, arrord- 
ing to the weather conditions: crystals at the bottom frost in w inter; 
rising crystals wind; clear liquid - bright weather; ditn liquid - rain. 
The use of this attachment is more amusing than practical. 

Tlie other practical instrument was tlie ' Farmer's Barometer', an 
ordinary stick-type, but w ith wet ami dry bulb thermometers attached. 
The ditterence in reading between the two gives the humidity of the 
air, which helps to differentiate between wind and rain, both of which 
reduce the height of the mercury. 

Making the .stick barometer suitable for use at sea necessitated finding 
a means of preventing the mercury bursting its tube. This can be done 
by putting in the middle i>f the lerigtb of glass a constriction to prevent 
violent oscillations of the liquid. An instrument of this type was made 
by Edward Nairne (1726-1806) and taken on a Polar expedition in 
1113 by Captain Phipps. When used on board ship the barometer is 
held by ginil)als and a wall bracket. The first International Meteoro- 
logical Congress was held in Bru.ssels in 1S.5.S to work out a way of 
improving observations at sea. The recommendations were passed on 
by the British goverimietit to the Kew Committee of the British Asso- 
ciation for the Advancement of Science w hich worked at the Kew^ Ob- 
servatory. In IS.').") the Kew marine barometer was brought out. It ust-d 
metal to protect the glass tube, which was considerably constricted. 
Trajxs to prevent air getting past the mercury were devised and the 
register plate bore no wording, as this was thought to be misleading. 
A vernier allowed readings to 5/lOOth of an inch. Improvements were 
made by Adniiral Fitzroy, who became Meteorological Officer to the 
Board of Trade in 1H54; in particular, he cau.sed the glass tube to be 

pui'kcd with vulcuiii^cd rubbvr to (.iievk vibrmiuii lauscd by gun fitv. 

The Kew marine barometer and the Fitzroy marine gun barometer used 
by the British Navy, were both made by Negretti & Zambra, and in 
IH8() they cost ^4 4.v. and £:> lO.v. respectively. Marine barometers 
continued to Ix- made in decorated wixxlen frames for use on private 
yachts. All these ty|x;s were replaced early in the twentieth century by the 
aneroid, but examjiles repnKiuced for collectors and interior decorators 
have Ijoen n>ade in lJ)7«»and IM80. 

Also for use at sea, Robert Hooke devised, and described to the Royal 
Society in I6'6'8, an instrument w hich had air instead of a vacuum in 
a bulb above the mercury in a syphon tube. An associated, sealed spirit 
thermometer measui'ed the ambient temperature, and so an allowance 
could be made for the effects of tenif)erature on the air in the bulb. 
Tile sailor chiefly wanted advance warning of storms, not absolute mea- 
sure, so this instrument, which prevented the mercury from o.scillating, 
did what was re<)uired. A much-improved version was patented in I HI 8 
by the Edinburgh instrument maker, Alexander Adie, and he called 
it a sympiesoniefer [Tj, derived from the Greek word for compres- 
sion. 

'Ilie sympie.someter has a short column of mercury as an indicator, 
and in place of the nonnal vacuum, there is u bulb of gas, so that the 
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From J. A. de Luc, Recherches sur Irs 
modificattoHS de rAlmosphert (Geneva. 
1 772 ) , platr I . This plate was drawn by 
De Lue, and represents all the types of 
banmu'ter iliat exi.sttxl in th<' niid- 
eightecnth century, before the appearance 
of his own portable barometer. 



pressure of the atmosphere aci.s against the mercury plus the resistance 
of the confined gas. A tliermonieter is used to correct tlie reading for 
changes in tlie volume of the gas, brought about by temperature. Adie 
made several thousand of the.se instruments in the I Ki20s and I K80s, 
and they were also produced by some London makers, though they 
faded out of favour hy the iHSOs. They are small, no longer than 'i 
feet (goo mm), and there are jMxkct versions that arc much shorter. 
The aneroid barometer quickly superseded the mercury instrument for 
all travel purjK>ses, and then more gradually for domestic use. 

The mountain hurometer is intended to measure the elevation above 
a known ba.se level. It was e.ssential that it should be |x>rtahle, so its 
construction presented similar problems to those met in devising a sea 
barometer. One idea for trapping the mercury was the in.sertion of a 
tap near the ofK-n end of the tube, proposed by .lean .Andre de Luc 
( 1 727- 1 b 1 7 ), a Swiss who published in 1 77'.^, in Geneva, his lieihenhes 
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p)j Engrav ing of a Fortin standard 
barometer, named after Jean I-"ortin'» 
design of 1 800. 

f . 1 8»o. Segrelti 6? 'Atmhra, p. -f . 



mr lei modifications del 'atmosphere ~sj . I^ter dc Luc became tutor to the 
royal household at Windsor. By the tuni of the century, suitably modi- 
fied, syplion-tube barometers were being made, provided with a col- 
lapsable tripod stand, with a leather case into which the entire apparatus 
could be stowttl. A mountain barometer has to have a long scale run- 
ning from 32 inches (810mm) down to 14 inches (350 mm). At the 
highest point of the Alps, the pressure would be 17 inches (430 mm). 
Ralloonists also needed a barometer for use as an altimeter, in which 
case the scale reads down to about 5 inches ( ltJ.5 mm), the pressure 
at about miles ( 14.;> km) above the earth's surface. 

The standard htiromeler for .scientific use in the nineteenth century 
is that devised by Jean Nicolas Kortin ( 1 750- 1 H3 1 ) , the foremost preci- 
sion instrument maker of Paris \^9~. In about 1800 he made the bar- 
ometer easier to transport and more accurate, by so arranging the reser- 
voir at the bottom that it had a glass |x)rtion through which could be 
s<"en the level of mercury and an ivory pointer lIOJ. The tip of the 
pointer was exactly the zero point of the inch, or millimetre scale at 
the top of the instrument. Any variations in temperature could be com- 
pensated for by adjusting the le\el in the reser\oir .so tliat it exactly 
touched the ivory pointer. 'l"he adjustment was made through flexible 
leather holding the mercury, and it was jwssible to close off the bottom 
of the barometer tube when transporting it. 'I"he gla.ss viewing portion 
at the bt)ttom makes the Kortin-type barometer easy to identify. By 
using a vernier, readings on the scale can be taken to O.0O2 inch, or 
to 0.1 mm. 

Extra large standard barometers were made for observator\* use, 
and sonic scientific barometers ha\ e wide-bore tubes and no scale. The 



"lOj 'ITie top and bottom of a Fortin 
barometer. Tlie gla.ss l>arometer tube, 
containing bj)iled mercury to remtjve air, is 
enclosed and protected by a brass tube, the 
upper part having two long openings on 
opposite sides. On one side is the 
barometric scale in Knglisli inches, on the 
other is usually a millimetre .scale, llie 
reserv oir of the cistern is of glass closed at 
the bottom by a leather bag which can be 
squeezed by means of a thumb-screw (see 
cTos.s-section ). 'iliis i.s netcs.sary to adjust 
the le\ el of tl»c mercury in the cistern to 
the tip of an ivory pointer, which is the 
zero mark for the barometric scale, 
f. 1H70. Dfsihdnrl,p. 1 17. 
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Ll 1 J l%ngraving showinp, (eft In right : 
Board of Trad*' Standard, or Kew Marine, 
barometer will) bronze frame and iron 
cistern; mountain barometer, Newman's 
type; Negretti Sc Zanibra's mountain 
barometer on brass tripod stand (the 
instrument is a I-ortin barometer) ; 
standard siphon lube mountain barometer 
fitted with (iay Lussac's air trap for 
|x)riability. Negr^-tti & Zanibra's prices 
were; -(-guineas; ,i^-^.\Os.: lOguineas; 8 
guineas, respectively- l«so. Sqrretti is 
'/Aimhra,(t. lO. 




dUfcrciKf in levels is read using- a catlietotnctcr, which is a telescope 
mounted on a \ ertieal stanil and capable of l)eing; nio\ ed over a precision- 
cut linear scale. 

In their catalogue for 1880, Negretti & Zanibra pulilished estimates 
for supplying instrimients for the three classes of observing station 
reiognized by the Sec«>nd International Meteorological Congress at 
Vienna of ima. 'I'lie first class was for scientific observatories, requir- 
ing all features to be measured, including electrical phenomena. 'Hie 
cost would lie between J^ano and .^' K5<>. The second class cost merely 
to and it was *str«)ngly recommended to private obsenirs, 

v\ liere complete and regular observ ations are taken of Barometric Pres- 
sure, Temperature, Humiility. Kain, Wind, and Klectrical phenomena'. 
The kit ct)mprised. a standard barometer, a maximum thermometer, 
a minimum thermometer, a solar radiation thermometer in \acuo and 
anotlicr with exposed bulb, a terrestrial radiation thermometer, a rain 
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L 1 'i~ lingraving of a Stcvaisiin's 
tluTniotiicttT scTtfii, with lijuvres to allow 
free air circulation, but to stop ra<liant lii-at 
and rain. First dL'\'iscd by Tlionias 
Stevenson ( I81H 87) in 1K6K itcominucN 
in use today, c. 1 880. Megrelli & Ztimbm, 
p. (id. 



gauge, an anemometer, a wet and dry bulb hygrometer, and a Steven- 
son's screen to house certain thermometers. The Stexenson screen is 
still sc-en today, a miniature house, with louvered walls, painted white, 
standing four feet above the ground and twenty feet from any obstruc- 
tion L 1 'ij . It was invenntl in 1 Hfi t by tlie Scottish engineer and meteor- 
ologist, lliomas Stevenson (181 K-«7 } . 

A very simple iveather glass is in the form of a pear-shaped, closed 
glass vessel w ith a long spout rising from the bottom. W hen the vessel 
is half filled with water, changes in atmospheric pressure will cause 
the water level in the spout to rise for a .storm (low pressure), or to 
fall for fine weather (high pressure). As water is about twelve times 
more sensitixe than mercury to changes in pressure, the approach of 
a storm is very quickly seen by the level in the spout. 

The origins of this weather glass are ob.srure, and it has been thought 
they were made in the seventeenth century. They were certainly made 
during the nineteenth, atul can often be .seen in Holland, where they 
are called 'IXtnderglas', or thunder glass. It is also claimed that glass 
blowers of Liege produce<l these cottage weather indicators, and the 
name "Baromi-tre liegeois ~x.\ii, facing p. "iMi^ has been given to them. 
These are decorated w ith strips of crimped glass, but plain vessels were 
sold in London and elsewhere. .\n example illustrated here is signed 
on the back by etching into the gla.ss: F. D.-W IDSON & C*? 'i.'J 
C, R '. P () R r L \ N D sT and it most prolmbly dates from between I H5M) 
un<l I.MIO. When unsigned, these \esselsare im|x>ssiblc to date. 

The Aneroid Baromeler 

(Jreat inventions .seem simple with hindsight, and one such is the 
uiiei'oid buronieler (IVoiii a Cireek vvoid iiieaiiiiig 'not wel'). 'I'lie 

mechanism consists of a metal bellows, with most, but not all, of the 
air withdrawn, and then .sealed up. This package is very sensitive to 
changes in pressure, and with a mechanical linkage such changes can 
be indicated by a rotating {winter. Although the idea of a semi-eva- 
cuated chamber came to Nicolas Conte in 1799, the invention of a com- 
plete, workable, and practiced de\ ice is that of Lucien Vidie ( 1 s<).'>^>f> ). 
who patented it in his native France in IKK"), and in Britain on 
November IS.W "13", He had had the instrument tried out in Kngland 
in 1844, when it was taken to the dome of St Paul's Cathedral, and 
in 1848 when it was tried out on train journeys. It |)assed all tests, 
it)cluding, of course, compari.sons with a mercury barometer. Ne\ ertiie- 
less, it is not an absolute measure of atmospheric pressure, and has 
to be calibrated and checked against a mercury instrument. Vidie 
showed his new invention at the (ireat F.xhibition of 18.'>i. where this 
beautiful instrument' was rewarded by a Council Medal, the higliest 
award. 

I'nfortunately for Vidie, he had a ri\ ul, the French etigineer and in- 
ventor Kugene Bourdon ( lK()8-84), who produced in 184.'» a metallic 
manometer for measuritig pressures on steam etigines, capable of going 
up to .5(X) lb |xrr stjuare inch ( the atmosphere exerts a pressure of 1.^ lb 
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[I.'?] Vidie type of aneroid baronietor, 
signed: F.W. Pl'NfKLER lluarleni 
Barometre Aneroid Hl>H;>. 'Ilie air pressure 
acts on a brass capsule that is partly 
i'\ amati-d, and its movements are 
transmitted to a pointer. It was purchased 
in isfiofor nfl.32. Diameter 160 mm; 
depth !).'> mm. 

I860. Teyler s Museum (7.S5/3). 

1 1 43 Bourdon type of aneroid 
barometer, signed : F.w. KfNCKI.KU 
B.AROMF.TRE M f.T.M.I.IQl.K. .Also 
inscribed: MEDAILLE d'oR 
EXPOSITION IS+Jt I'AKIS 
E X S I r I O N IM \ E R S E 1. 1. E 
LONDRES 1851 GRANDE MEDAILI.E 
l>E Ir CI.ASSE. Such instruments, of 
French manufacture, were still produmi 
early in the twentieth tx-ntury. Based on 
Bourdon's pressure pauge. variations on a 
curved, evacuated tuln- cause it to flex, and 
so to move the pointer. It was puirhased 
in INfiOfor Dft .O t. Diameter 170 mm; 
depth *>.') mm 

I860. Tnlrr 's Museum ( 7a-t). 



per .square inch at sea level). Vidie felt obliged to sue for jxitcnt infr- 
ingement, and eventually he won his case atid received damages. Bour- 
don also exhibited in I>ondon in 18.^1, and he, too, received a Council 
Medal. The Rcjiorts by the Juries to the Exhibition have a good de- 
scription of the construction of this ty(x." of atieroid barometer Ql4j, 
which is as follows: 

Bourdon's barometers consist of an elastic flattened tube of metal, 
exhausted completely of air, ami bent very nearly in the form of a 
circle; they are in this slate |H>s,ses.sed of the profx-rty of ex|iaiuling, 
a further .seixn-ation t>f the ends being effected when the atmospheric 
pressure is diminished, a contrary or contracting elfeet taking plaw 
when the j)ressure increases. A lever is attached to the end of the 
tube by suitable meclianism, and connected to an index or hand, 
which traverses a divided dial-plate. 

The dial-plate is graduated by placing the instrument with a stan- 
dard barometer within the retviver of an air-pump, and the |K)ints 
ol coiiKidence detennined hy varying the pres-sure. 

The liourdon type Ql+j did not -sell well outside 1-rance, but there it 
continued to be olferctl by instrument makers alongside the more popu- 
lar Vidie ty|K" even as late as i;m)I . 

Admiral Fitzroy thought the aneroid barometer a 'great boon' to 
the navigator, as it could be put anywhere and was unaffected by the 
ship's motion. James (ilaisher tiK)k one up in a balloon on Septcntbcr 
I86<J, when he reached seven miles aliove the Earth. Altitude aneroids 
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have a scalt- of heights outside the inches of mercury scale. The zero 
point is fixed at the .SI indi mark, and the .scale runs to :2().(K)() feet. 
Sometimes the altitude scale rotates so that the zero is set to the position 
of the jHjittter, to gi\ e a rough estimate of the height travelled, hut this 
is not as arcurate because the scales are not quite compatible throughout 
the length unless the zero is opposite .i 1 in. 

An aneroid can be made five inches in diameter, or pocket sized at 
2j inches [[l.'ij, and there is an even smaller model the size of a watch 
similar to a hunter, and cased in gold, silver, or ha.se metal. Travellers' 
sets in red njonxTo leather cases comprise a watch-size aneroid, a com- 
pass, and a small thermometer on an ivory base. Such sets were sold 
over many years up to World War II. 

The Thermometer 

A themionieter is a device that is used to measure the temperature 
of a substance. It can take very different forms and is dealt with more 
fully in Chapter 7. Here the thermometer used to measure the ambient 
air tenjperature will receive attention. The range covered is not great, 
from around fio'C ( l K) K) down to alxiut — K5"C ( — 50''F). When 
measuring the upper air in a balloon, lower ten)|XTatures may be 
recorded, around — "oC 

'I"he liquid thermometer is a descendant of Galileo's thermoscope 
which was an air-filled glass bulb and a thin tube containing water 
an air thermometer, in fact, had it l)een fitted with a scale. The two 
main problems encountered in making thermometers were: to find a 
substancx* that was most responsive to changes in temperature, and to 



QlS] Pocket aneroid altitude barometer 
with a tlicnnometer and a magnetic 
compass, signed: «".W'. Dl X EY. Optician 
to the Queen, 3, New MonA Street, 
I.t) N DON. 'Hie altitude scale is o to sio.ooo 
feet, tlx? pressure scale 15 to a 1 inches, and 
the ti'rn|XTature .scale \ V \o 1.16" F. 
lx'ather-co\ ered case, lined with purple 
velvet and white silk. Brass casing 
diameter o I mm. 

c. 1 8«(). Mmrutn of the History oj Science 
(75-1 IS). 

Tlfij Group of eight thermometers for 
special purposes. I^J'l lo right: 
luirticultural hot-bed tliertnotneter; the 
same; brewer's for u.se in tlie niasli tun; 
chemical, graduated to .SOO F; chemical, 
graduated to 6"00' F; chemical, to insert 
into the tubulure of retorts: alongside, its 
protective glass case for corrosive liquids: 
brewer's malt kilri thennometer, in oak and 
hra.s.s casing, f. IHKo. Segrettiii Zambrd, 
p. 13G. 
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Maxiimini and mininiiim 
thcmumietfr to thv 17S() dfsigii oCJaiiii's 
Six ( 1 73 1 93 ) . SigiK-d : DR I N C. & 
FACE, TOOLE V ST, LONDON. The 
c4ilibratioii rims from Ib'o Fon the right- 
liatiU hruiiih ( iiiaxiinuiii ) U) — H) I*' on 
the Ifft-liand l>ramh { minimum ) . 'llu: 
tX'iitral tiil>f contains alcoliol as tlic 
tlu-nnninftrii' HukI; tin- I'-tuhc lias 
nic'R'ury to act as tlic indic-ator, svhicli 
pushes stfi-l indices to show the cxtrenu's. 
The indices liavc springy tails to prevent 
falling: lliey are reset by a magnet, 'llie 
frame i.s japanned metal. 
c. l»7«. Science Museum ( I HTd tisa ) . 



work out a .siiitahle .scale for nieasiirfment. Daniel Gabriel l-abrenlieit 
( KiHG 17.16 ) of Anisterdani. wa.s tiie first maker to produce really 
accurate thcrtiionictcrs. He used niercun,' for the first time in 1717. 
It proved more .satisfactory than alcohol, though it was more difficult 
to u.se in narrow tubes, lint it does have a rea.sonably uniform expansion 
rate and u wider tinijx-rature range than alcohol. Fahrenheit al.so 
worked on producing a suitable scale. The .scale he made in 1 7'2 1 had 
three fi.xed points: (i was the freezing point of a mixture of ammonium 
chloride and snow, :i'2 was the freezing point of water, ami ;m> the 
mouth temperature of the healthy human being, 'i his Falircnheit scale 
was u.sed on tile majority of English thermometers during the next 
two «enturies. 

Many other .scales were devi.sed in the middle of the eighteenth cen- 
tury, but only twt> are important, tliose of the l-Ycnch jihysicist Henc 
.Antoine Ferchault de Keaumur (16K.S-1757) and Anders Celsius 
( 1701 4+), a Swedish astron«>mer; the.se are generally found on Conti- 
nental-made instruntents. I he Keaumur .scale had only one fixeil |K)int, 
freezing water was O' ; 80*^' was then assigned at the water boiling point. 
The Celsius .scale was the first to be divided into KM) degrees iwtween 
the.se points. i)ut it was iinerted at 0 for lM>iling and I(K) for freezing 
water. .A year later, in 174.'J, Jean Pierre Cri.stin { l«K,1 I7.">.'j) of Lyons 
inverted the Celsius .scale to the centigrade that we u.se today, although 
.sitKe l.'*4K it has been called the Celsius scale by international agree- 
ment. Mercury is u.sed in most .scientific thermometers, although an 
alcohol mixture is neces.sary for temperatures near and below the freez- 
ing [loint of mercury, which is — 3J> 'C. 

.\n early meteorological thermometer to record maximum and mini- 
nuim tenifK-ralures without the presence of the observer was devi.sed 
by James Six ( 1731 })3) of Canterbury, iti I7H() ril'. He employed 
an alcohol thermometer to pu.sh a column of menury which, in turn, 
pu.shed steel indices into place to record the maximum and minimum 
positions. His book on the projx-r conduct of sucli an instrument was 
publi.shed by his son in I7.*H and entitled; T/if Comtruttion and Vse 
of \i Thernionieler. for S/ie"u ing the Ejiretnes of Teiupenituri' in the Almos- 
p/iere. During the Ohseri'er'.s Absence. Together H'llh Ejpenntent.s on the 
I \iriiitions iij Ijk dl Ileal : and other \Ieleorologu al Ohsen alions. 'I his ])at- 
tem of instrument due to Six continues with us today, frequently to 
f)e found in the greenhouse. 

The book also shows how Six used iiis thermometers to measure 
diurn.-il varintions in temperature. aM<l discovered th.Tt ihirinf; calm 
weather tlie upper air was much warmer than that close to the ground, 
a result that he 'was at first very much surprised to find' yet another 
(Hcasion when .scientific information had to wait on the invention of 
an instrument. 

The Hygrometer 

The atmosphere always carries a wrtain amount of water vapour in 
it, and the projxjrtion varies with the temperature. Ik-iau.se cold air 




1 8j Hvfiromcter to the I )o Saussure design, signed : Hygrometrr selon 
Siwssure Par Pixii, a Pans. The scale is dix idtti as a eoniplete cin-le into 360°, 
with tlu' ends marked Humidttf extreme and Sn/ttresse ejtreme. 'I"he 
thermometer is calibrated into degrees Centigrade and Heaumur. The 
hygn)scopic material used by the Swiss. Horace Benedict de Saussure 
( 17-K) 9!)} was human liair, and he published his design in \~H^. Nicholas 
Constant I'ixii ( 17"« IK«I ) succeeded the Dumotiez brothers^. lH\a. Ilis 
son, Antoine Hi[>|Nilyie Pixii ( ISOH .-J;") ) invc-nted a magnetoH-leftric 
machine in IH.i'J. Brass frame Uto x I M) mm. 
f. iHif,. Museum Boer/uidfe (Tha-i). 




1 I 



[[19'; De Iaic type oChygrometer, signed: 
Haas, l.osnos The dial is engraved from 
o to KKj, and the extremes are marked D 
( dr\' ) and VV ( wet ) The hygroscopic 
material is whale-bone measuring 
115X3 mm, and it acts against a light, 
brass spring, the connexion l>eing string 
passing over a pulley to move the jxiinter. 
The design is that of J A. de Luc 
( 1727-1H1T),3 Swiss meteorologist. 
Overall height Ifil mm: diameter of dial 
■if) mm. 

c. IHOO. H'hippU Museum {SaSS). 




[|XVj||j Cabinet of coal-tar products. A silver plaque is inscribed : Products 
Obtained from Coal According to the PROC ESS of Mr. VVinsor. Prepared by 
F. Accum. Ltx turcr on c:m F. MISTR Y in the Surry C-wI Institution, 'llif 
cabinet contains fourteen bottles and three boxes of specimens of useful 
products extracted from ammoniacal liquor and tar, the by-products of the gas 
industry. Dating fromf. 1815, these are the earliest forerunners of the modern 
coal-tar industry Fredrick Accum ( 1 769^ 1 838 ) began his business in 1 800. 
Albert Winsor (or Winzcr, 17(>3-I830), promoted a gaslighting company. 
Chest 380 X 300 X 300 mm 
c. 1815. Museum of the History of Science ( 336 ) . 
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[ X Xl An illustration of the spectra of 
various sources of light : 1 and i from the 
Sun, 3 from sodium, + 112 various 
elements, is phospthorous, 14 hydrogen. 
1872. Deichanel, plate III. 



[XIX~ Kit for building molecular structure 
models, described as: GLYPTIC 
FORMULAE. The coloured balls are 
colour-coded for elements, and are drilled 
with holes corresponding to valency. 
Connexions between the balls are made by 
brass rods. These represent the first such 
ball and spoke' models, which were 
described in 1867. 'Glyptic' means, in this 
context, 'figured'. Case 
630 X 3 10 X BO mm ; diameter of balls 
30 mm. 

c. 1 867. Museum of the History of Saence 
(S95). 
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falls, the iiivi.siblf water vapour condenses into nio'lMlure as it I'alLs leav- 
ing, after a sunny day, the grass at night covered in dew. In a mist 
or fog, the air is completely saturated with water vapour, and this is 
called 100 per cent humidity, 'l o measure the amount of humidity in 
the air, hygroscopic materials were used to move a pointer. Hooke 
u.sed the beard of a wild oat, a tiny .spiral which, as was described in 
the introduction to this chapter, unwinds as it becomes damp. The effect 
can be recorded by attaching an indicator of straw to the oat beard. 
Other materials used as humidity indicators were hair, whalebone, cat- 
gut and impregnated pajx*r. 

Horace Ik>nt^dict deSau.ssure ( 1740-9.9) was Frofe.ssor of Philosophy 
at Geneva and the author of a treati.se on meteorology, published in 
17«3. lie used human hair in his hygrometer, to rotate a ix)inter, using 
a pulley A fellow-Swiss, J. A. de Luc, used a thin strip of whale- 
bone cut across the grain as his hygroscopic material [19]. The strip 
was attached to thin brass wire wound over the axis of the index arm, 
and then lield by a weak spring. The whole device is contained in a 
light, brass framework. Tlie semi-circular scale is divided from 0 to 
100, whereas with the similar-looking de Saussure instrument, the scale 
is circular, and divided irom o to 360. De Luc obtained his extreme 
point by immersing the indicator in water, while de Saussure obtained 
his by using .saturated air, a difference in method which led to a contro- 
versy between the two men. Such instruments can be found dating from 
the first half of the nineteenth century. 



[|20^ Hygrometer signed : m.vsons 
HYGROMETER A. i'a-stordli I^indon. 
This instrument is also known as a 
psychrometer. Tliere are two mercury 
thermometers, scales 10' to 112' F, one of 
which is wrapped round by cloth with a 
wick to a reserv oir of water. Kvaporation 
cools this bulb, and the humidity is found 
by consulting a set of tables for the 
Uitrereiicc in Uie readings between the 
theniioineters. 'llie design was publislied 
by John .•Xbraham Mason in IK.i«. A. 
Pastorelli was at 4 Cross Street, Hatton 
Garden, from 1829, and wasjointtl by a 
son in 184«. Maroon, leather-covered case, 
180 X 52 X 50 mm, which acts as a stand for 
iIk' instrument; overall height mounted 
2I« mm. 

1836-4.8. Museum of thr Ilislorx oj Science. 



I J German hygrometer signed : 
i.ambrecmt's poi.y.meter. a 
normal hair hygrometer with a (xiinter 
pa.ssing over a scale reading O to UK) ()er 
cent humidity. Above this scale is another 
to be read in conjunction, which is in 
degrees Celsius. (Note: the pointer does 
not read temperature. ) A mercury 
thermometer reads the air temperature, 
jmU the nuniencul Uitlereiice between (his 
and t|je value indicated by tlie hygrometer 
needle gives the temperature at which 
there will be onset of dew or fog. Wiliielm 
I jmbrecht made mcteorc)l()gical 
instruments at the end of the nineteenth 
and beginning of the twentieth centuries. 
Overall length i240 mm ; diameter of dial 
t-a.se Hi mm. 

( . ISKX). TeyUr 's Museum. 
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[|2i2~ Popular dew-point hygrometer to 
ihf design publislted iti 1820 by .1 K. 
Dauidl, signed. J. SEH'MAS LOSDOS. 
Ether is poured over the muslin-covered 
bulb, which cools the fluid inside the tube 
to cause water vapour to condense on tlie 
outside ol the black bulb. Tile teni|ieraturc 
inside the bulb is read on a tliemiometer 
and compared with the air temperature 
recorded by the outside thermometer ; so, 
from tables, it is fxvv'iiblc to dctermin*- the 
relative humidity. John Newman 
flourislied 1816-."J8, first in Lisle Street, 
then at 122 Regent Street. Overall height 
140 nun ; base diameter 1 ; mahogany box 
170 X I. 16 X 41 mm. 
c. I8.SO. H'hipple Museum ). 




John Ix-slic- ( 17f>«-183a), l'rofe,s.sor of Mathematics at Editiburgh 
University from 1805, moditicd the differential air thermometer, wliidi 
was based on Galileo's thermoscope. A L'-shaped, thin glass tube has 
a bulb at each end, one covered with silk (see also Chapter 7). T\w 
tube contains coloured liquid, so that when the silk is wetted with pure 
water, it evajxjrates, and so cools the air in the bulb, causing the liquid 
to rise up the branch of the tube to indicate the humidity- This instru- 
ment developed into the wet and dry bulb hygrometer, u-sing an accur- 
ate pair of thermometers, with the bulb on one kept constantly damp. 
The cooling by cvajwration depressed the tem|H;rature, so that the dif- 
ference in temfKTature recorded by the |>air of thermometers is a mea- 
sure of the humidity. Tlie measure is obtained from a set of printed 
tables, the \iest of w hich were deduced empirically by James (ilaisher, 
and published in 18+7. Kor greater accuracy, the pair of thermometers 
can be held in a sort of rattle which is whirled in the air at a specified 
rate; this is the form of the instrument u.sed today. 

Tlie form of hygrometer that uses evaporation is called a psychr- 
ometer (cold-meter), a word coined in 1818 by the German inventor. 
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Ji^j Variation of Lirurs arif niomeler for 
measuring wind sik-wI. Sigru-d: I.ILLEY 
& SON Opticians eti-., LIMEHOI SE 
LONDON; also inscribed: SIR W. SNOW 

HARHIS F.R.S. INVENTOR. The fr|ass 

tubing is bent hack in the form of a 5 
without the top bar, so that the Beaufort 
wind scale can be more easily displayed. 
The wind blows into the open end of the 
tube, and so pushes water into tlic Ix-nt 
tulK'. 'Ilu- movement of the water level 
measures the wind sjxx'd. 'Hiis form of 
instrument was itivenied by James Lind 
( 1 ISd- 1 « 1 'i ) in 1 77.i, and it continued 
into the twentieth century. William Snow 
Harris ( I7.<il-I867, FRS 18.SI ) was well- 
kiiown for his electrical researches. The 
Beaufort wind .vitale was first officially 
Ujgged on H MS BeagU in 1 8.S 1 . Lilley & 
Son were mathematical and nautical 
instrument makers at 7 Jamaica Terrace. 
Limehouse, during the 1830s. llic Ixjard 
holding the tube measures 1 86* x lfi9 mm. 
The instrument is containe<l in a mahogany 
box (2'H) X l.qo X 51- mm ), with a sliding 
lid. 

f. t83.'». WhiffpU Museum of the History of 
Scitnce (aaoa). 




Ernst Ferdinand August ( 1795-1870). In England, on the otlier hand, 
the instrument was called 'Mason's Hygrometer' Z^Oj, after John 
Abraham Mason, a surgeon of Pentonvillc, who described and so 
named the instrument in 1HS6. 

The humidity of the air can be measured directly at any time by 
the dew point method; an apparatus for doing this was invented in 
ihiio by .lohn Frederic Daniell ( l7fK)-l«45), later I'rofessor of Chem- 
istry at King's College, Lt)nd«)n. His hygrometer j-^^j consisted of a 
bent glass tube with a bulb at each end, the lower uiic coiKairiiiig 
ether, the other empty and covered with muslin. The bulb that contains 
the ether is coloured dark blue to give contrast. To u,se the instrument, 
ether (from a glass bottle contained in the case), was poured onto the 
muslin-covered bulb, and the temjK-rature at which condensation first 
occurred on the other bulb was read from the thermometer .sealed 
within the glass tube. The temperature of the air was read from the 
thermometer on the brass stand. With this information, it was possible 
to determine the humidity of the air, by the use of tables. 
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1^24" Thomas Komney Robinson invented 
this pattern of anemometer in 1H4<». Four 
cups rotate on an axis at a s|x-e(l iK-tween 
•i^ and .i times as slow as the wind that 
drives tliem, the forre< t factor In-ing found 
experimentally, f. 1H70. Deschanel, p. Mia. 



Henri Victor Regnault ( 1810-78) devised a condenser hygrometer 
sinnlar to Datjiell's. He used two highly polished silver cylinders with 
glass upjKT -sections, both fitted with tliernionicters. Ether is poured 
into one chamber, and then air is sucked through both. The dew point 
is noted, and the humidity found from tables. 

The Anemometer 

As might be exfK'Cted, the swinging plate, like a shop sign, was a 
nietlKxl for making a crude estimate of wind speed ; this idea originates, 
as far a.s can be known, from the middle of the fifteenth century. A 
variation was the fixed plate, with some means to measure the resis- 
tance, such as a steelyard. Negretti & Zambra sold their 'Pendulum 
Anemometer' at six guineas for "unscientific observers'. 

The first satisfactory syphon wind gauge, or manometer, is that of 
James Lind { 1736-1812) invented by him in 1775. A U-shaped glass 
tube was blocked at one end, except for a vent hole, the other end having 
an elbow joint that faces into the wind Z^ST^. The tube is half filled 
with water to a central zero mark, and the air forced into one end of 
the tube will push the water up towards the other end. 'I"he dilferem-e 
from zero in both arms of the tube is added to give a measure of the 
force of the wind; 1 inch represents \ \h» per -square foot, called a 
high wind". 

A familiar wind speed indicator is the windmill type, invented by 
the Rev. I)r 'ITiomas Romney Robinson ( 1792-1882) while he was in 



[2.5~ .\ir meter signed: L. casell.^, 

MAKER TO THE ADMIRALTY «< 
ORDNANCE, LONDON. .Mr Meter 
No. 10+. to lOOO FEET. Ttie idea ofa 
windmill type of wind spied meter goes 
back to Ro()ert IltK>ke or even earlier 'Illis 
instrument is for measuring the lighter 
curreiit-s of air in coal mines, flues, 
ventilators, and so on. Made of bras.s, with 
eight aluminium alloy vane.s. Diameter of 
guard ring over vanes 70 mm : diameter of 
base r>9 mm. 

c. l.'iOO. Museum of the History of Science. 
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[26] I ly psometer for taking heights by 
iiH-asuriiii; tlic tcniiKTaturi' at wliit h water 
boils, riiis example is not signed In the 
base .vcction is a spirit lamp and, above, a 
boiler. Above this is a tube with two 
tdesooping sections that can contain a 
ihemiomi ti r. Ili-!t;ht u Inn set for use 
about 270 nun ; diameter ul base M mm. 
Late Idth century. Teyltr's Miatim. 



charge at Arriut^li Ohsor\ atorj', and puiilislicd in 1 HTiO l-j. Four hol- 
low, spherical cups arc fixed to cross arms iliat rotate at their centre 
point on a vertical shaft. At the bottom of diis shaft is a worm gear 
operating a count wheel. Hie cups revolve with a speed of les.s than 
a third that ot the wind, a factor that has to be worked in < \|)erinien- 
tally for the particular apparatus. All these pieces ot r^uij iiient were 
developed so that recording was nuide automatic, by pen or electric 
impulse. 

An instrument similar to tlie anemometer is tlie ajr meter used 
for measuring the currents of air in mines, sewers, flues, hospitals and 
prisons. The air meter uses eight to twelve blades to form a fan as 
in a turbine, and this is set \\ itli its axis horizontal to the air current. 
Four or more dials count tiic revolutions of the fan, which is timed 
for exactly one minute. The result is in feet per minute, divided by 
88 to give the velod^ in miles per hour. 

TS* Hypsomeier 

In the course of his research expeditions in the Swiss Alps, De Saussure 

estahlislietl that the tcmix-rature of boiling water <lei reased i centi- 
grade tor every 978.5 feet of ascent, where the mean temperature of 
the atmosphere was estimated at 0° centigrade, or freezing point. The 
exact temperature at which water comes to the boil oould therefore 
Ix- used to measure the height tif an ascent. An instrument was (le\ i>ed 
in tile mid-nineteenth century to register tlie boiling point, called tiie 
hypsometer [26^, or boiling-point thennometer. It was made to be 
portable in a case, and was both lighter and less easily damaged than 
a mercury barometer, advantages that caused it to be used by field geo- 
logists, and on other scientitic expeditions. Its u.se declined alter tlie 
invention of the aneroid barometer, but it was still being sold at the 
end of the century. 
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Thf truf titul miistf lirfh and f><-rfWtr tUscrif'tioH, 
and inslructiun, of the mosl tmessane and 
commendMe Sciaue o/* Sttm^itig of Latules : 
drtnvne and devised fy the htdustrie of 
yaUttlyne Leigke. 

iiruilin^ to I^-igh's tu-atise ( I.'t77) 

ff'fitii am Iv mure dijfh ulif ilian to guyde a skyppt engoulfid, where only 

UdUr and heaven may iv seene. 

Martin Cortes (I Ad I), 
translated by RichanI Eden ( ififii ) 



The instruments used for surveying and for navigation, being so dose- 

Iv of th*.' sauK' kind, can he n vnsidi rctl together. Tlu'v arc gctxlctic, 
that is, they are concerned with mapping and charting positions on the 
Earth's surface. Most are mathematical instruments, devised to malce 
angularnicasurenients, which depemi uii division of the circle. 

Surv eying and navigation are professional ac tivities that are intense- 
ly practical. The theory involved - ol mathematics and positional 
astronomy - was established by the early seventeenth century, and 
dunged little until the twentietli century brought a revolution in tech- 
nique with aerial [iliotograpliy, lasers, and computers. In the history 
of surveying and iia\ igatioii, llie actual development of the instruments 
was the important factor, as they came to be more accurate and effidoit, 
and were adapted for u.sc in differing conditions. 

From tite mid-eighteenth century the economic and social demand 
for a wide variety of surveying leeliniques markedly increased. In ad- 
dition to the wdl-established requirements of landowners, military and 
administrativ e pri>ssiir< s led governments to undertake natitmal mu - 
veys. I he econonnc ini|xtus of the Industrial Revolution in turojx- 
and the United States produced a boom of road, canal, and railway 
building, while expansion of all kinds of mining developed another spe- 
cialist type of surveying. 

The basic problem in navigation was how to find the longitude on 
the open sea. Oixe ships b^an to venture into the oceans, the need 
to plot a fxisitioii by flie use of instruments and calrulatioti iK'canie of 
paramount importance. In the nineteenth century tlie longitude was 
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calculated either by the use ot the marine cliroiiometer, or l>y tin- lunar 
distance method, which involved taking astronomical sightings and 
using lunar tables. 

Used by both surveyors and fiavigators are the mal^■ru'ti«• cr)in[>ass 
and the sextant, thougli in different tornis. I hc most im|K)rtant .survey- 
ing instruments are die plane table, die level, the circumferentor and 
the theodolite llie nineteeiith-ecntury sliip's officer used the octatit, 
and its improved descendant, tlie sextant, as well as the accurate but 
costly reflecting circle. These instruments existed alon^ide the marine 
chnmometer (see CliapterS), which gniduaUy found a place in most 
ocean-going ships in the cxiurse of the century Also in the category 
ot navigational instruments are those connected with hydrograpiiy, or 
the diarting of coasts, and those for oomputii^ distance travelled at 
sea. 



THE HISTORY OP SURVEYING 

Surveying consi.sts in plotting the position ot certain landmarlvs on the 
surface of the Earth (or below it, when mines are surveyed) for the 
purpose of producing a graphic representation of the area, accurately 
reduced to scale. Surveys, therefore, depend on making linear and angu- 
lar measurements. 
The need to measure bmd developed as soon as communities became 

settled I'dtil the ."iixteeiitli century. Ii('vvr\cr, --iirN eying was a simple 
process carried out with direct measures of length, chiefly poles and 
ropes. The trained eye played an important part, and simple calculations 
were, of course, in\'olved. The earliest extant book on sur\ eying was 
the work ot a (Jreek engineer, who is known to us as Hero (or Heron) 
of Alexandria, in which town he was known to be living around loo. 
He not only described the basic principles of surveying, but also some 
instruments to lielp the sur\ eyor in the field. It was during the sixteenth 
century that the profession of surveyor became definitely established 
m Europe, in the wake of the expansion of trade and wealdt brought 
about by the Italian Renaissance. In England, the (!is>(<hition of the 
monasteries ])y King Henry VIII in I.').if> was followed by the creation 
of new estates, and an urgent need tor surveyors, llie new angular 
measuring techniques and the skills of the engraver - needed bodi in 
ma{>-niaking and for dividing the scales on surveying instruments - 
came to England from Italy, via die Low Countries. 

Textbooks on sur\'eying published during the seventeenth and early 
eighteenth centuries ;in < i m < n \< d to strike a balance between the prac- 
tical needs of field work and tlie often complex instruments de\ ised 
by some matlieinaticians. William Ijeybourn ( 16iJ6 -170U), wlio puli- 
lidied Tke Constat Sttrveyor in 165S, chose three instruments as being 
'in most esteem among Sur\ ey<jrs', namely, the theodolite, the circum- 
ferentor, and the plane table. These continued in use throughout the 
next two centuries, but with imp<Hlant additions and improvementa. 
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A crucial impetus to the development of surveying from the mid- 
seventeenth century onwirds was proWded by the geat national tur- 
veys, the first of which was undertaken in France from 1666 onwards, 

due to the cnlightrncd fiic<uirntr< iiii tit d' Louis XIV. Things nnned 
more slowly in luigland, because ut Parliament's reluctance tu provide 
die necessary funds. An exception, howe\'er, was die remarkable Down 
Survey of Ireland, under the direction of Sir William Petty 
f tfi'iri S7) Petty wa-^ a notahlr scholar, mathematician, and medical 
man wlio, under tJie Cominonwealtii, was appointed Physician-General 
to the army in Irdand. Being a follower of FVwids Bacon, he believed 
that tile social and economic development of a country could best be 
furthered by carrying out a detailed geographical study of it. He per- 
suaded Parliament to accept his proposal for a survey in 165+, and orga- 
nia»d the 1000 men who carried out the work with such efficiency that 
the jiroJiM. t was cnmplfted in three years 

Apart from this, it tended to be in response to immediate military 
pressure dmt extensive survey work was initiated in Great Britaui. 
Scotland was mapped first, foUowing the 1745 Jacobite rebellim, and 
it t<iok tile threat of a French invasion in IT.'M to bring about the official 
foundation of a national surv ey of Elngland under die control of the 
Board of Ordtumce. The map of Scodand was the work of William Roy 
(1796-90), who was appointed in 1765 Surveyor-General of Coasts 
and Engineer tor Makint; Military Surveys in Great Britain In 17fi3 
he had first proj^sed a general survey of the whole island at public 
cost', Init the scheme was deferred by the American War of Indepen- 
dence. It was the French, nearing the end of their national surv ey, who 
provided the next stimulus. A triangulation of south-eastern England 
was pru^iused, to link up with that in Northern Ftance, coraiecting the 
( Jreenwich and Paris obserx atories. The Royal Society much incensed 
by a French suggestiofi that the latitutlc or(irceti\vi( li luul been incor- 
rectly calculated - undertook direction of the proposed survey. On 16 
April 1784 a base was measured on Hounslow Heath by General Roy. 
He died in 1790, Init die next year work on a full national survey was 
begun. A derision to re-tnap Ireland was made in 1824, the work being 
carried out by Knglisli military surveyors. 

Different practical problems were presented by the task of surveymg 
largely unsettled and uncultivated countries. Surxey work in India 
began as early as 1767, under die control of die E&st India Company, 
the instruments used being the duin, the quadrant and the waywiser. 
Sur\'eying was, from the first arrival of the settlers, a major preoccu- 
pation in the .American Colonies. Tliroughout the eighteenth century, 
it was, together with navigation, the most popular mathematical subject 
taught m sdtools and colleges. There was a keen demand for basic sur- 
veying instruments, first used simply for establishing local boundaries, 
in the hands of tanners and tradesmen. But the surveying of provincial 
and intcr-colonial boundaries required greater skill, and a knowledge 
of astronomy. 

To begin with, the skill came from England. The famous Mason- 
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Dixun Line was plutteU in tlic by twu Englishmen, invited for 

the purpose: Charies Mason, an astronomer, and Jeremiah Dixon, a 

mathematician. later surveyors were native Americans, one of most 
notable being Andrew Ellicott, who carried out many surveys in virgin 
territory at tlie turn of tlie nineteenth century. He made his own instru- 
ments, including an astronomical dock, sectors, a quadrant, and a tran- 

sit and f<iual altitude instrunu-nt. In iiiicxplon-d an:is, partit tilarly 
when heavily forested, the surveyor was in niucJj tJie .saim- situation 
as the navigator, needing instruments for astronomical sigluiiigs, and 
the magnetic compass. The latter whwh becomes the circumferentor 
for s(irv('\ iiip usi- was. togetluT with the chain, the hasit instruniftit 
t)f the .AnKi uan .suneyur. When, in IHU.i, Meriwether Ixw i-s and \V il- 
liam Clark undertook their expedition from the mouth of the Missouri 

River to it.s source and thence to tla- Pacific, they took with them a 
surveying compass, an artiticial horizon, two sextants, and an Arnold 
chronometer. 

The absence of exislinj; landmarks created sjK'cial problems and 
needs In mine surveying. This six-cializcd hranch of tlu' profession had. 
according to the author of a textlKwk on the .subject published in IHbH, 
'not kept pace with the advances in other brandies of surveying: for 

it is to be rtgretted that, in many cases, mine-surveys are still made 
with instruments which itave long been set aside as too inaccurate for 
surveys aboveground'. However, with the dramatic growth in all kinds 
of mineral extraction in the second half of the nineteenth century (the 
annual value of mineral raised in tlie I'nited Kingdom in the ISKOs 
was £l36m), sjx;cialist mining survey instruments were developed. 

SURVEYING INSTRUMENTS 

Tke Theodolite 

The simple tluodaiite was so called in the nineteenth century to dis- 
tinguish the instrument without a Ncrtical arc from the altaziniutli type. 
It still found a place in the range ot surveying instruments ofl'crcd by 
W. F. Stanley & Co. Ltd., at the end of the century. In his book Survey- 
infi iiml I^ellmfi Instruments Theoretically and PracticaUy Described 
( is<»(i ), William Stanley ( IS-J<) l<»O<0 wrote that it mav "he made into 
a simple angle measurer for laying out or plotting small parcels of 
ground, small estates in building ground, local sewage, gas and water 
works, and niariv other cases of" small survevs for which purpose it will 
be found Hutfirient, with a Navinj^ of about half the cost of ■ perfect 

theodolite' (i.e. the altazimuth type). 

The altazimuth theodolite consists of a horizontal ided circle, 
wliosc lii.imi'ter gives the size of the instrument (.'i-inch i \\ itli verniers 
and jK>»sihiy ai.so witli len.ses to read them; a coni])a.sM; a .semi-circular 
divided arc (the curve of the arc can be upward or downward-fadng), 

siirinimrited hy a telesco[H- u ith a hul>ble tube attached, 'i'his w as called 
die plain ' theodolite j and its tunction was described by Stanley as 
follows: 



Copyrighted matBrial 
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P3 Plain theodolite, signed: .4dif © Son 
Edinburgh. Brass, horizotnal circle divided 
0'-360° to 30", with a ven>ier reading to 
r. Vertical circle dividinl «(V -<)' -«0" to 
so', vernier to l'. Adie & Son traded in 
Edinburgh from 1835 to 1880. I>ength <)•' 
telescoi^e i6-i mm ; diameter ufhurizunial 
circle \ii mm. 

r. \H4<). H'kippU Museum (355fi). 




'ITie rhcodolitc is the most perfect instrument for measuring botli 
horizontal and vortical angles by the aid of a telesc'ope and graduated 
circles. Kor the purpose of surveyitig, the theodolite is mostly 
etnployed to take a system of triangles uj>on the horizontal {>lane 
of the surface of the land, and of objects at any position in which 
they may be placed. WTien altitude angles are taken .separately, these 
are generally applied to give correctiotis to chain or other actual mea- 
suremerus upon the surface, by calculation of the difference of hypote- 
nuse and base. 

Telescopic sights had been added to the instrument in 1725 by the 
Ixmdon instrument maker, Jonathan Sisson, whose improvement was 
closely followed by a similar instrument from Thomas Heatli. Towards 
the end of the century, Jesse Ham.sden ( I7.S5 1800) brought his great 




ra] 8-inch Everest theodolite, signed: 
Truu^hUm & Simms I.OSDON- H<)rizt)ntal 
circle divided on silver 0^-360° to lo', 
vornifr and niicro.srtjpc read to lO". The 
vertical arcs are divided on silver 
0''^''-O'' to 10'. with vernier to lO". .Also 
divided 'i-H)^'2+and marked: Diffof Ilypo 
is Base. This type was devi.si-cl by (>eorge 
Everest for work in India. I^ength of 
telescope l.so mm: diameter of horizontal 
circle a l.") mm. 

c. 1880. ff'hif>l>le Museum ( IH77). 
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"sI 'lliemlolite, sipnt^l: C. BF.CKKn 
A R N 1 1 F. M . On the horizontal cin li- tin- 
sil\ IT sc-alc Is divided O -3fiO', to SO', tin- 
vernier reads to 1 '. The vertical arc i.s 
divided 55" o" 55" to 30'. Christopher 
Becker ( 1M(i« 90) was working in Arnhetn 
from i\ 1«.')0, and later toijnde<j R<-i ki-r & 
Sons iti Brooklyn, N'ew ^'ork. Ix-iigth of 
telcsco|x.- iJ'J.'i mm: diameter of circle 
l«o mm. 

f. ISflO. Privatft oilerlion. 




skill in degree-scale division to the iiistniinent. It was lie who was asked 
to jmn ide a tlieodolite for the work on tlie lloiiiisluw Heath base. His 
"(Jreat Theodolite', made between 1784 and 1787, had an acxruracy of 
two seconds of arc over 7<» miles. 

A distinctive type of plain theodolite was that devised by Sir (Jcorge 
Everest ( 17fK>-18(i(»), Surveyor-Cieneral of India, and consetiuently 
given his name Its distinguishing features were three vernier arms 
to read the liorizontal circle, in place of the more usual vernier plate, 
and two \ ertical airs at each end of the telescojK'. Stanley said of it: 
'In senirc in India, it ha.s |>rovcd an excellent instrument", but com- 
mented also that it lacked the convenience of the transit principle, and 
that tfif working {>arts were ofK'n to dust and dirt. 

In the IH KJs came what proved to be a revolutionary improvement 
in the instrument. It was given a ^(Hf vertical circle (instead of an 
arc), so that the telescope was able to pivot through 1 80 degrees, this 
movement giving the name 'transit ' thtmiolite [4]. The arrangement 
made much ijuicker, easier, and more accurate the taking of a back and 
fore sight. Tlie plairi theodolite still had the advantages of being both 
lighter to carry and cheaix'r to buy, and therefore continued to be made 
and sold, alongside the superior instrument. 

By the end of the i-entury transit theodolites were being produced 
in a wide range of sizes, from .s-inch to la-inch. Stanley commented: 

A .">-indi or «-inch tbetxlolite is the largest size that may be carried 
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[4j f>-infh transit theodolite, signed: 

RakeriiH High Hiillmrn himiun. 

I lorizornal circle divided on silver <)'^-.S60"' 

to <2()', with veniier aiKl microscope 

rea«hiig to 'iO*. "A" frame sup|M)rting 

vertical circle divided O' .'M) O twice to 

20', vernier to Also divided for 

iwlines and marked: Di(fof ll\f> is fi,ise. 

Ix-ngth of telesco|K' '2H1 mm; diameier of 

liori/.oDtal circle ITomm. 

c. IHJJO. H'htftplr Museum (ti-HO). 

Q5l American transit instrument, sipied: 
K. linm n is' Son Ant' I'orL Tliis ty|ie was 
conunonly used by American sur\ eyors 
and engineers. Horizontal circle divided on 
silver O l«o o' to and to I ' by 
vernier. 'Ilie vertical arc is missing. Ix-ngth 
of telesct)|>e 2!>2 mm; horizontal circle 
diameter lf»(i mm. 
i. IH.«). It'hifiplf Museum (am>.'i ). 



comfortably in a single case; and no great advantage is gained by 
having an instrinnent beyond this size if tlie work is tliat of the ordin- 
ary surveyor on town or country surveys. The verniers of +- and 
."i-inch instruments read sharply to single minutes of arc, which is 
as nearly as can he plotted w ith any degree of certainty with an ordin- 
ary protractor reading by veniier also to minutes only ; H-inch instru- 
ments read to .SO, but generally to ao seconds. 

The large, lii-inch theodolites, equipped w ith micrometer microscopes, 
were capable of an accuracy of one second. 

Further developments in the design of the theodolite consisted in 
providing atxe.s.sories that cx)uld Ik' added, usually to the larger instru- 
metits, and in re-designing the frame. Acces.sories included illumination 
for the tratisit axis; a s|x?cially sensitive spirit level : and a .solar attach- 
ment, adapted from an American invention, the solar compass, to deter- 
mine a true meridian by ob.ser\ation of the sun only. Attempts were 
al.so made to incor]x>rate photographic apparatus into the structure of 
the the«Kl<ilite, but this combination remained highly s|)ecialized 
beeau.se of ex|)ense and bulky extra equipment, until the twctuieth cen- 
tury, llie most significant improvement to the structure was Stanley's 
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fo'^ Builder's level, signed: JOHN 
R A BONE & SONS MAKERS 
BIRMINGHAM W ARRANTED 

CORRECT. A bubble level is set into the 
top of a wmxleti bar which is mounted in 
brass. Sights run through the bar. It is 
sup(K>rted on a trifHid with iron tips. 
Ixtigth ■OK) mm: width 2K mm: overall 
lieight '2'H> mm. 
c \S50. PrimtecoUfcliott. 




L'-(ratiU'niodcl, iiitr»Hiucid in the 1h.«M)s. Thi.s rt-strut turinporthf theo- 
dolite, so that the number of .separate parts was reduced, both iiicrea.sed 
.stability and detTea.sed weight, as well as sinipiitying the cleatiiug of 
the instrument. 

The lAn'el 

Surveyors need the itistrument ktiovvn as the level to pro\ idc an accur- 
ate record of a plane truly tangential to the surface of the Karth. llie 
simple level, or bubble tube, is a part «)f nearly all sun eying instru- 
ments. It cotisists of a glass tube marked with a scale, sup)K>rteil in 
metal or wood, and containing a liquid, water or later a sjiirit, with 
a bubble to act as marker. Hie surveyor's level is a comjx)site instru- 
ment consi.sting of a telescope set fxirallel to and above a level, mounted 
on a tripod, and incorporating a compa.ss. Credit for devising the combi- 
nation of telescope and level should probably be shared l)y Jonathan 
Sisson and Thomas Heath, both of whom worked on v ariations of the 
instrument in the second quarter of the eighteenth century. But it was 
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L8j Dumpy level, signed : Jdifs Improved 
ifvel \'o. -U) Mam hestn if Railway 
Comft' J CASARTKl.t.l MASCUKS I KH 
AUIE I.OSDOS The dumpy level, 
developed by William tJravatt in the 
J830s, had improved optics, i.e. larger 
objective and shorter focus. There were 
also nKThanic^il improvements. No 
ctmipa.ss is fitted in this example. Josepii 
Casartelli moved to Manchester in 1851. 
Patrick Adie set up a business in Ixindon 
in 185^2 which continued until l!>-h!. 
Length of telescope 3 1 0 mm ; objective 
diameter .s+ mm. 

c. 1855. H'hipfilf Muifunt (2553). 





Sissoti's version, known as the Y-level because the telescope had Y- 
shaped supports, that became standard [l"}- 

llie railway boom of the first halt" of the ninetwnfh century created 
an urgent demand for a level that was easy and quick to use. The first 
major improvement was by Edward 'I'roughton (1753-I8S5) who 
gave the instrutneni great stability, but William Gravatt's level, 
known as the "dumpy' developed in the 18.SOs, was the model that 
proved most popular in Kngland. (Jravatt, says Stanley, 'was of the 
opinion that firm construction, compact fonn, and plenty of light in 
the telescope were more important than ea.sy facilities of adjustment'. 

Troughton. too, made a level in which there was no adjustment to 
the supports of the telescope after it left the hands of the maker' 
Apart from reducinp the Icnptli of tlic telescope to 12 inches (sO."} mm) 

a modification also applied to the Y-level - Gravatt also added a 
transverse bubble, w ith a hinged mirror above, .so that it could be read 
from the telescope eyepiece. The final form of the surveyor's level in 
the nineteenth century was, therefore, compact and sturdy, needing 
minimal adjustment and thus thoroughly practical for field work. 



[|{>j I^vel, signed ; Troughton Simnis 
l^mdon. 'I'his was regarded as an 
improvement on the Y K'\el, as it was 
more compact and the adjustments were 
less easy to derange. I>jngth of telescope 
357 mm ; objective diameter 3JJ mm. 
(.-. IB KO. fl'hipplf Museum ('J**f}). 
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[|l Miner's dial, or oircumfcrentor, 
.signrd: Cary I^mdnn. Thr instrument can 
be used with slit and wire sights or with a 
vtTti«d senii-cirtie. 'IIk- latter is divided 
5X) -o'-fKJ" It) .so', and also fi-O-fj 
Perpfndicular and 6' U 6' liasf. Overall 
length 290 mm ; radius of semin-irde 
ISO mm. 

c. isao. H'hil>f>U Museum (HH ). 



ri I J Ixran's miner's dial, signed: Henry 
liarrozv cif Co 'Mi Oxendon St., LOSUOS. 
'Ilie detachable vertical semi-circle is 
divided !K)' o *HJ to l', or to 3' with the 
vernier. Also a .scale for Diff of I lypo & 
liase. Joel a Cornish mine manager, 

introduced this design in the 1 7yOs. Length 
of telescope !2 1 .'> mm: radius of semi-circle 
lOO mm. 

c. 1870 ff'hiJ>[tU Museum (3803). 




' aterial 



256 • NINETEENTH-CEN 11 RY SCIENTIFIC INSTRUMENTS 



[[l i'_ Hcdlcy 's miner's dial, signed : Dai'is 
is? Son, Derby. \o. site. John Hedley, an 
Inspector of Mines, commissioned in 18.50 
the I>erby finn of Davis & Son to make a 
dial to his own design. The vertical arc of 
Ix'an's dial obslructtfd the view of the 
compass, so a rocking circle was provided 
with a small vertical circle at one side, to 
leave the compass clear. This circle is 
missing. Diamcterof cotn|jass box 
14() nmi. 

c. IKHO. Prit-ateaAlefluin. 




The Circumferentor 

This is the name given to the surveyor's compass: a magnetic compass 
surrounded by a divided circle, and equipped with fixed sights. It has 
scmietimes been confused with Digges' the<Ml()liie, and thence with the 
simple or altazimuth themlolite. 'I"he latter is, however, a different 
instrument, in tliat the reading in tfie simple theodolite was marked 
by an alidade, instead of the magnetic needle u.sed in the circumferentor. 
The essential part of the circumferentor was the compass, of primary 
importance both in surveying new territory and in mine surveying. 
Stanley described it as being l)est adapted to undergn)und surv eying', 
so that its most important adaptation in the nineteenth century was 
into the miner's dial. 

'Ilie sini|>le miner's dial Hoj was a circumferentor mounted u|x>n 



[^13" Trade label of .[ohn Davis & Son. 
IXxby, in the lid of the box for the miner's 
dial .sliown aUne. The I loHmanti patent 
referred to is dated 1 878. 




Cc ' ' • ' material 



[[X X Q Example of the common Fitzroy 
barometer, engraved: Admiral Fitzroy 's 
Barometer. It is named after the man 
rather thati invented by him. Fitzroy had 
been responsible for organizing the 
Meteorological Office and for writing on 
the subject. ITie example shown is unusual 
in having a retailer's plaque : E.G. 
WOOD. 74 CHEAPSIDE, LONDON. A 
popular and inexpensive in.strument 
suitable as an indicator, not an accurate 
instrument, it was sold between the last 
quarter of tlR* nineteenth and the first 
quarter of the twentieth centuries. Besides 
the barometer, there is a thermometer and 
a 'storm glass', which is a curiosity and no 
prognosticator of weather. Height 
94,T mm ; width of base 267 mm. 
I>ate lyth century. Prn^tecolUclion. 




~X X 1 1" Biir<>tn6tr^ liigeoln, iiifrn«) by 

etching in the glass at the back ; F . 
DAVIDSON & t.O. 29 GRV PORTLAND 

ST [^IxitKlonj. This glass vessel, part filled 
with coloured water, is called a 'weather 
glass', doitderglas' in the Netherlands, or 
'barometre liegeois'. because it was 
produced at Liege from the .seventeenth 
century. Height 255 mm ; width 1 15 mm. 
I^te I yth century. Pni'atf coitectton . 



X 1 1 Ij Prismatic compass, signed : 
SC:HM ALC ALDEr's patent, 35*9 
STRAND, LONDON. ClwrU-s 
SfimiaKaKliT rt-gistercd his patent in ISIS. 
It allows the sighting and the compass 

reading; lu Ih: tukci) niiiiultatHHiuiil^'. 

Diameter ffn mm. 

c. isa.'i Privalf codfclion. 



X I vj English traverse board. Above is 
a rectangle (width \D~ mm) with a series 
of holes: this is the log speed record. 
Below is a disk (dianu'ter •iift mm ) with 
the 3ti points of the compass, and a series 
of holes: this records the direction sailed. 
Very few traverse boards surv ive as, unlike 
the sextant, they were not the property of 
an olficxT. 

IfJth century. Museum of the History of 
Saence (79-51 ). 



SURVEYING AND NAVIGATION • '257 



[[ I l-j Surveyor's cunipass, signed : Charles 
Ch frail fr In^ Palais Royal l.5Ha Paris. A 
tflc.si«)|>i' aiKl a sighting mU- are pivoted to 
one side. Charles Chevalier died in 18.5.9. 
Compass diameter 140 mm. 
f. IHaO. Privatfiullntion. 





De Lisle's reflecting chnoineter. 
'Hiis simple dc\ ice was invented by 
( JeiH-ral \. de Lisle, ( I8'J.4 .'»«»). ITie half 
mirror in the diamond frame reflects the 
observer's eye when tiie instrument is 
.su.speiiiJeil IVoiii the thumb and held at 
arm's length. A sighting on a distant object 
through the clear glass will he on the .sattic 
level as the observer's eye and its mirror 
image. In tlii-s model the mirror can be 
tilted by the weighted arm runnitig over 
tl»e .scale on the arc. 'Iliis will gi\ e a 
measure of the inclination of the distant 
object. Overall length IfiO mm. 
f. ISKX). ffhiffpU \Iusfum (U'JIG). 



a stand. .A later eighteenth-tx'ntury adaptation which continutfd to be 
popular was made by Joel Lean, a Cornish mine manager. Iran's 
dial £\ I J had a .semicircular vertical arc, with telescope and level 
mounted above, that fitted over the compass. Plain sights could be fitted 
as a quickly interchangeable alternative to the telescope, for u.se under- 
ground, 

A later adaptation of the miner's dial was that made by ati H.M. 
Ins|x?ctor of Mines. John Hedley, in IH.'io. The feature of" this dial [l'2j 
was that the sights moved on a framework centred on a horiitontal axi.s, 
so that they could rock to take horizotital angles w ithout obstructing 
the compass. A teIe.sco|ie could be added to the Medley's dial instead 
of plain sights, 

The Grafthomeler 

Tlii.s was invented by l'hilip|K- Danfrie (d. l«(Mi) in Paris in about l.">97. 
It is de.scrilK'd by Stanley as a semi-circumferentor, a cheap instrument 
for taking angles approximately'- It is a semi-circle divided into de- 
grees, with two alidades, or sighting rules, one fixed to the .senii-circle 
and the other movable over the scale. It usually also includes a comixjss, 
and is mounted on a tripod. This instrumetit enjoyed its greatest popu- 
larity on the continent of Kurope. 

The Prismatic Compass 

lliis instrumetit was invented and patented in 1812 by Charles Schmal- 
calder, a niathematical instrument maker in the Strand. Ixindon "xxiii. 
facing p. 'i.")7j. It brought much greater accuracy to an es.sential item 
of surveying equipment. The prism was attached to the back-sight 
positioned over the rim of the compass card, so that the degrees could 
be read while sighting the point of obsen ation. Tile card was di\ ideti 
into S60\ in.scribcd on the South point, Ixjcau.se the eye and prism 
looked due North. The tigure.s on the card were printed in reverse, 
because they w ere seen in reflexion. The prismatic compass was capable 
of reading to an accuracy of one-third of a degree. 
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tcmpt'rature conversions. Length open 
30 '» mm. 

c. IK70. M'hi/>/>lf Musrum ( 101 ). 
The Clinometer 

Often associated with the prismatic comp.ss for sur\eying was a clin- 
ometer 16", which niea.sures vertical angles with a weighted 
wheel that keeps its {x>sition while the sights are turned to the point 
of observation, llie angle is then read through a prism attached to 
tile back-sight. Tlie purpose is to measure degrees of slope, and the 
clinometer scale gives the rise or fall. One of the most popular pocket 
clinometers was the Abney level ( or clint)meter ) L 1 7" , devisctl by t ap- 
tain William Abney ( 18'KS-lf>s20) of the School of Military Engineer- 
ing, C'liathani, hnglanU. It consists ot a small telescx)|K' in a rectangular 
tube with a .semi-ciri'le attached which is divided into degrees, and a 
clinometer scale. At the centre of the arc is a pivot with a bubble tube 
visible through a lu>le in the telescope, via a mirror, so that the {x>int 
sighted and the level bubble can be seen together. The angle through 
which the pivot has btH'n turned is read off the .scale. 



^ 1 7j .Abney n-flming level and 
clinometer, with telescopic sight and arc 
divided to read lo' by the vernier, and to 
a .si-ale of gradients. Kngraving, r. IHHO, 
from J- H. StewanJ catalogue. 
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[^l ft^ F.npravinp of a simple plane table, as 
advertised hy W. K. Stank-vr. irxKi. On 
the top i«. an aliiiudc, or rule, will) xi^ht.s 
at the cuds ; a trt>ugh conjpass, which is a 
niagtictii- rjcedic used merely to {wint 
North, and so covers an arch of some 20" 
only : and a bubble level. 
c. 1900. Stanlfy (1901 ),p47H. 




[ 1 9] Plane table alidade, signed . Fahlnirr 
a Strasbourg. Also cngravt-^l : IVpot de In 
Dir^" de la RochelU. It is fiited with open 
and telescopic sights, quadrant, and plumb- 
bob. Ix'ngth KIT mm; length of telescope 
.ST 4 mm. 

Flarly l!>th century. U'hippU Museum 
(928). 



The Plane Tahlr 

This piece of e<juipmcnt (the spellitig before 18,^0 was plain table) 
is the simplest and longest lived of all the surveyor'.s instruments. It 
enables bearings to be marked directly on paper in the field, and a simple 
sketch-map to be drawn. It was. therefore, useful for the unskilled and 
the surveyor in training. .As Stanley points out. its usefulness is greatly 
increased by a dejK-ndable climate. It consisted of a flat, square board, 
mounted in a universal joint, with a surround bearing a graduated scale, 
which fits on to the table's edge and holds a sheet of paper in place. 
A separate straight rule, or alidade Ll.'>^, engraved with scales and with 
sights attached, rests on the pa|>er. Likely additions would be a magne- 
tic compass, a level and a telescope. The plane table, already in use 
by surveyors in the .sixteenth century, is still being made and sold today. 

The Chain, Cross-Head, and Optical Square 

'llic use of a standard iron chain for ground measurement when sur\ ey- 
ing was develojH'd by Kdmund (iunter ( l.'iHi-lh'ift"), Professor of As- 
tronomy at Ciresham College, London, in \ti'H). His chain was di\ ided 
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[20~ Ciunter chain, signed : 
CHESTERMAN SHEFFIELD ENG. 
Made of steel, with hrass handles, swivels, 
and tellers, a yards in l(K) links. 
Late lOth century, frkipple Museum 





1 J Two adjustable cross-heads : lower 
signed: F. ST.^NSFIEI.l) LffvT, ^^\th 
compass, diameter .'*0 mm : Imcer, with pair 
of bubble levels, diameter fiH nmi. 
e. 1900. U''htppU Museum ( WiiHrJ2l5). 



p2j Surveyor's sextant, signed: 
Troi^hton is^ Simms, LOSDOS Also 
instTil>cd: 1. K. B. No. 9. Made of brass, 
with a silver scale divided -.5' to 130", to 
so', vernier reading to so', with 
magnifying lens. 'ITiis sextant belonged to 
Isambard Kingdom Brunei ( 180fi-59), the 
civil engineer and railway pioneer. Brunei 
also possessed a box sextant by 
Troughton. Radius 90 mm. 
c. 1 840. Museum o f the History of Saence 
(33-e). 




na 
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into lOO links, and measured J-^ yards Z.'^oj. This distaiuc. NC|uarcU, 
equals onc-tcnth of an acre, and ten chains equal one furlong, or one- 
eighth of a mile. Each tenth link was marked with a notched piece of 
brass. This was tlic stamljid t li;iin tluougliouf thf (.'ij^litt-fnth ivntury, 
but by the ninctccntii tlicre were utlier chains in use - tor example, 
50-lbot, KXVfoot and fiO-metre with centimetre links. Jesse Ranuden 
made a 100-foot steel rule for calculation of the Hounslow Heath base 
in ITS 4, and otlxTs fur siilisecjutMit national survey work. 

As essential acconipatument to the chain was the crois-head ,^21^, 
sometimes called a cross-staff, or simply a cross. This was a cross-sight, 
of brass or boxwuud, set at the top of a pole, the sightlines being at 
90° to one anotlicr 'l"}iis wa.s ii.s«h1 for iiUMsurinj^ otf-.'^ets, that i.s, fea- 
tures to each side ut the direct line ui tlic ciiain. A more .su]>histicatcd 
version housed a compass, set over a tubular cross, rotating on a gra- 
duated base. Stanley, at the end of the iiini teonth century, described 
as the 'modeni instrument' tlie French iorni, made ot an eight-sided 
brass tube, but he criticized the small diameter of the tube, which caused 
the sighting dits to be too dose together. 

.-\ nin('ti"('tnb-<'i'iitiirv improvement on the cros.s-head w as the oplical 
square, consisting ot two mirrors set at 46' to each other in a small, 
drum^haped box. These enabled the surveyor to see the end of the 
chain line and the features at right angles, superimposed in the mirror. 
Ilk itistrument was also made in a double form with two pairs of cross 
sight.-. 

Till' Pocket or Box Sextunt 

I Imn jitn InstrunK'nt. oiilv about .s indies in «lianii t(f, was df\ isi<l by 
Ldward iVoughton in about 1800. it worked like tiie nautical sextant, 
but with the mirrors endosed in a cylindrical case and only the index 
arm and di\ idi d an L Xpostd. This was regarded as making the instru- 
ment very practical tor iield work. Since it could take any angle in the 
vertical or horizontal, it was 'deservedly popular whh British surveyors 
as a land-.surveymg instrument and is equally so as a military one' 
(Stanley). 

The Waywiser or Perambulator 

This is a very andent instrument for measuring distance u\wn the 
ground, dating from iin-Roman times It consisted of a wheel uf known 
circimiference, witli a dial to record tlie distance covered [^IS"}. The com- 
mon version in punhed by hand, but another type waa made to be 
attached to a larriage 'I'hc whcfl is ni.idc of \\o(>d. cart- hi, :ng tiikcn 
to avoid warping, and is then shod with iron or brass, i'he circumter- 
ence of the wheel is usually half a pole in Engli.sh-made waywisers, 
and records the distances in [x)les, furlongs and tiiik s .Stanlcv .iKodes- 
criU'd a 'light form of p<>ranii)ulalor', hkc .) hiryi lc wlu i l. w ith a cir- 
cumterence ot two yards, which was portable, w ith a detacliable handle, 
SO that the instrument could be padted away into a case. This instru- 
ment is also sometimes called a hodometer. 
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[^23" Way wiser, hodometer, or 
pt-rainbulator. signed: C.IRr LOSliOS. 
Iron, l^i-spoked wheel (diameter .'580 mm) 
with its circumference measuring .six feet, 
or two yards. 

Late 19th centur)-. H'hipplr Musrum ( SOS). 




THE DEVELOPMENT OF N AVIGATFON 

The sea is studied iti three distinct branches of scientific activity, navi- 
gation, hydrography, and oceanograpljy- Navigation deals with the 
practical problem.s of .steering a ship from it.s |>oint of departure to 
it.s destination. Hydrograpliy is tlie cliarting of the seas and oceans, 
and their coasts, to provide the information needed by the navigator. 
Finally, oceanography is ronrcmcd with the physical nature of the sea: 
the composition, tem[x?rature and Iwhaviour (i.e. tides and curretits) 
of tile water; the sub.stancx- of the sea bed; and the study of marine 
life. 

A.s far as instruments arc concerned, occanographcrs used cither spe- 
cialist laboratory equipment, or instruments dealt w ith in the chapters 
on hydrostatics, heat and meteorology such as thermometers. The hy- 
drographer used a combination ofsur\ eying and navigation instruments. 
It is, however, arbitrary to make rigid distinctions between the 
branches of marine .science, for in practice there was much overlap. The 
oceanographer and the hyilrographer used ships for transport, and there- 
fore needed to navigate. Ilydntgraphers were encouraged to collect 
all sorts of scientific information, in addition to the physical measure- 
ments needed for charting. The great oceanograpliic xoyages of the 
nineteenth century often combined the two activities. The second 
voyage of HMS Hfagle ( IK3l-3«) is famous because of the presence 
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on (>n;inl of Cluji-lrs |);iruiti ( isii'i s-i), its livilroj^raphir acli ifv ' - 
incnt under Kt)lH!rt Kitzruy in cliarting tlie coasts ot ^N>uth Anit i aa 
was also monumental. By the time HMS Challenger set out in 187S 
on thf voyage tluu laiil the foundations of modem oceanograjiliy, 
tweiity-(i\e years ut iiiieiisivc activity in hydrogntphy Itad produced 
sueli ixsiili.s tluu tile ihurting lunctiun was less injportunt. 

Hydrography was micially important during the nineteen^ century, 
wlien increasing; trade gav e an impetus to maritime activity, and hence 
to the need (or detailed and accurate charts. One ot the key figures 
in the expansion of hydrography was Francis Beaufort ( 1774- 1857} 
who, in 1889, became Hydrographer to the British Adnnralty. The 
Hydrography Office had by then been in existenci- tor thirty-fi\ e yt-.irs, 
but had received little oflicial siip|)ort, so tliat it liad not been able to 
initiate much maritime surveying on its own account. The situation 
when Beaufort took othtv was stimim d up by his biographer thus: 
'There was scarcely uh.it coulil Ik- tL rnicd a correct cliari of'ain |)orti(>ti 
of the globe in existence, even of the shores ol the L niled Kingdom 
itself, excepting only the Channel'. 

Ikaufort, etiergedc and dedicated, changed the entire picture. In the 
next twenty-five years his department published 1 l- M) new charts, the 
majority based on surveys carried out directly under his control, liven 
the French, nearest rivals to the British in hydrography, admitted the 
pre-eminence of Beaufort An ari n lc in tli<- Rrruf (ii'S Dt'ii i MondfS in 
the 1850s described iIk- iiydrugrapliy Othcc as "tlic first great empor- 
ium of hydrograpliy in the whole world*. 

In the United States pressure from i homas JelTerson and the Ameri- 
can Philo.sopliical StKiety, anions^ others, led to an .Act of Congress 
in 1807, authorizing a .systematic survey of the American coasts, under 
the oontrol of the Treasury. For the next twenty-fiv e years, however, 
many setbacks, mostly bureaucratic, delayed the project, thougli sur- 
veys were carried out l)V individuals, nutaltly l>y Fdtnuiid Hkint, and 
his son of tlie same name. Through all its vicissitudes the I S Coast 
Survey was under the direction of a Swiss, Ferdinand Rudolph Hassler 
( 1770-184.S ), and Fdinund Blunt Jr was appointed Has.sier's First .\.s- 
sistant when the Surv ey was reconstituted in 1 8.S'2. In his biH)k Thinkers 
and Tinkers ( 1975), Silvio Bedini thus assessed the achievement of the 
Survey: 

Despite the problems and frustrations, the Survey made progress, 
and many 4\rmy and Navy officers, as well as scientists from \hv 
priv ate sector, were enrolled in what gradually became an impressive 
corps of geographers, hydrographers and surveyors. Its efforts in 
the field were being supported by and combined with work iK-ing 
inde(>endeiitly carried on in astronomical olvserv atories in colleges 
and universities, and this first major (joverninent supi>ort ot .science 
promised great adiievement for die future. 

There are obvious and important similarities between surv^ing 
unexplored territory on land and die work of the hydrographer and 
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navigator. In both cases the position of the planets and stars played 
an essential part, as well as sightings of natural features - hills, head- 
lands, woods, and so on. Coastal navigation is simple surveying, with 
the additional factor of the effects of currents, tidal flow, aii<l w ind on 
the progress of the ship; navigation in tlie o]>en sea presents additional 
problems. The latitude can be measured by takii^ tfie elevation above 
the horizon ol the Pole Star, or the altitude of the Sun at noon when 
it crosses the meridian. Ix>ngitude is more ditficult to ascertain. It can 
be discovered by means of a clock because the difference between the 
time at the port of departure and the local time (noon by the Sun) 

gives tlieloitgitudr, one hour equalling 1 of longitude, Tlie stumbling 
block with this method was that, for centuries, no clock mechanism 
could be devised that would withstand a ship's motion. The importance 
to both commerce and discovery of the in\ ention of the marine chron- 
ometer can hardly be over-estimated. John Harrison produced his first 
chronometer in 17^5, and gradually refined it to the size of a large 
watch by 1759. At about the same time a new method of finding the 
longitude, by means of taking the distance of certain stars from the 
Moon, W'as devised. Ba.sed on accurate astronomical sightings and lunar 
taUes, this so-called lunar distance metliod wdn made elective by the 
German astronomer, Tobias Mayer (178S-6S). Chronometers gra- 
dually fcnind their way first on h<i;ird tlie ships of the merchant compa^ 
nics, then onto na\'al ships. The lunar distance method continued to 
be used as well throughout the nineteenth century. The marine chron- 
ometer, being a time-telling device, is discussed in Chapter 

NAVIGATION INSTRUMENTS 

A variety of angular measuring instruments have been devised for the 
purpose of taking nKironomical sightings on board ship, llie earliest 
were the sldtude quadrant and the sea astrolabe, both in use in die 
sixteenth century. The cross-staff, also adapted for navigaticHial use 

from an astronomical instrument, was an impr(n einent for measuring 
the altitude of the Pole Star, but it had the drawback that, when used 
for measuring the Sun's altitude, the observer had to fiice die Sun. To 
remedy this deficiency, the Iwck-staff was itivented by Captain John 
Davis ( K'>,'>0-1(>'().'> ), and it had a lite of nearly t\v(i liundred years, being 
also known as the Davi.s, or Knglisli, quadrant, liack-staves of the eigh- 
teendi century exist, but by the nineteenth century die Davis instru- 
ment had been replaced by die octant, or Hadley quadrant. 

TkeOctattt 

This instrument, invented by John Hadley ( 1684-1744) and described 
by him to the Royal Society in IT."?!, measures angles by reflexion. 
It was an improvement on the back-staff because ul its more accurate 
Gonstrucdon, and also because it made possible die sighting and measur- 
ement of the angle between two objects, by bringing the reflexion of 
one into coincidence with the sighted unage of the other in one mirror. 



oopy iiytucu iiiaioiici 





Qa*^ Sextant, signed: King's Patent, 
aii.BKRT. H Rianrii iiookk. Lomtun. llie 
brass frame lias three cross-bars in A form, 
and a triangular subframc. Scali- divided on 
i)rass, -r> to i.S9 , to 20', veniier to .so'. 
A silvered reflecting plate can be attached 
by the vernier to give it light. In 1 7.'>4, the 
tliree-man group wa.s at 14« Ix-adi-nhall 
Street. Nav igation Warehouse. London. 
( . I KIR). \tttSfum uj the Htstory of Science 
(S7-S*). 

[253 Sextant, signed: E. ft'enckehdch, 
Amsterdam. .V«. 46". Brass frame with 
radial and circumferential bursi. Scale 
divided on silver. 0" 1-M)", to lo'. veniier 
to 10'. Kduard Wenckebach { ISI.S 7 + ) 
had a considerable busiiH.>ss in laboratory 
ajipratus as well as astronomical 
instruments. 

c. I860. Teyler's Museum (SSf)). 



Thus, the novelty of the octant was the use of a mirror mounted over 
the pivot of a radial arm which nioved over a graduated arc. The arc 
actually occupies only one-eighth of a circle, hence tlie name of the 
instrument, tliougii it can measure 90'" by means of the mirror. The 
octant was suixTst^ded in the 1 77()s by the more accurate, and tlierefore 
more costly, .sextant, but it was not replaced completely until about 
1 900 because of its cheapness. In the first half of the nineteenth century 
all-brass octants gradually replaced those njade of chKmy; after 1 «.■)() 
all-metal instruments took over the market. ()n clieap models boxwood 
scales were sometimes used, but generally the scale was engraved on 
ivory or brass. 

The Sextant 

In direct res|x)nse to the need for increased accuracy of altitude measur- 
ement, the sextant Li24 & 2.5j was devised in about 1 758. It resulted 

[^26^ Positioi>-finder (type of station- 
pointer), inscribed; McCombies Patent. 
Made by Henry Hughes & Son. This 
combines the functions of a station-pointer 
and a double sextant in a single 
instrument. Circle diameter 1.S6' mm; arm 
length SS5 mm. 

4". 1 900. H'hipple Museum (ar.'iS). 




TaT] liorda cirdi', or re flectinp circif, 
signal: ./..\/. Kleman CS' Zmm, Aon. Insl- 
makers, Amst. The circle is divided on 
silver, and the degrees are indicated from 
l l0"-0 -1 H) , the remainder ol tlR- 
divisions being unnumbered, llie reading 
is taken through microscopes front three 
verniers (toao') to eliminate errors. J. M. 
Kleman was an exivptionally fine 
crai'tsman. with the highest reputation, 
from lWK)to 1840. Diameter 'J.io mm. 
c. 1H20. Museum Buerlucnv (C I'J). 

Trade card advertising the Massey 
frirtionless log. Kdward Mas.sey patented 
his mechanical log in \HO-i. Ili- had many 
patents to his credit, the last in I k5~. Mis 
finn was continued after his death by his 
nephew, Tliomas Walker. 
c. 1870. Science Miueum ( IN7f^-a^). 
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^29" Masscy's soHiHling U-jd, tor liiidiiig 
thf depth oi'llie sea Irom a ship, sijjned: 
Edu'' Massey EMP I'aUnlff LOSUOS 
l()32.i Mdnufiit tury HS, TysofS! 
Clerkenueil. 

c. 1876. Science Museum ( tH7fi-H37). 



from oxperiments made at sea by Admiral .Min t'aniplK-ll to test the 
new lunar disiatue iiu thoil o( finding the lungilude. Its arc is one-sixth 
of a circle, but, again because of the use of a mirror, it is calibrated 
from 0 to 120\ Sextants were normally constructed of brass, their 
scales being di\ ided with great accuracy by leading I,<indon instrument 
makers. By the end ol the nineteenti) century Stanley described nautical 
sextants as being made of cast gun-metal {an alloy similar to bronze) 
with struts carefully designed to give rigidity with minimum weight; 
two telescopes were generally incor}x>rated in tlie instrument. 

Kor use in iiydrographic surveys a version of the sextant was made 
called the sounding sextant. Tliis was an adaptation tor measuring hori- 
zontal angles, having a wider field of \ iew ami lacking the usual light 
filters (called shades). It was employed to fix the position of the ship 
when a sounding or current measurement was made, by measuring the 
two angles between three landmarks on shore. A variant of this instru- 
ment, to sjK-ed uj> the measuring process, w as the double sounding sex- 
tant, w itii tw o mo\ able sights and two degree scales. 

The Station-Pointer 

For Iiydrographic sur\ eys the station-pointer is es.sential. It is a kind 
of double-arm protractor, where two angles relative to a base may be 
laid off at the .same time. For taking coastal soundings the angles 
between three points on lantl are measured with a sextant, the two 
movable arms are .set relati\e to the fixed arm and the instrument is 
placed over the chart. When the amis match the features on the shore, 
the ship's position is fixed exactly, and the jxjint at the centre is pricked 
onto the chart. This instrument was the invention of the Admiralty 
Surveyor, Murdoch Mackenzie, who published its details in 1774 in 
his book, Treatise nil Maritime Sun eymg. 

The Reflecting Circle 

This instrument was devised in the 1750s by the German astronomer, 
Tobias Mayer, in order to achieve the ultimate in acxuracy through 
the u.se of a circle of Mf><> , instead of the arc of I'iO as in tile sextant. 
.-\ number of im{>rovements were made to the circle, notably in I7S7 
by the Chevalier de liorda ( 17."J .4 -».'»), as a result of which it w as given 
the alternative name of Borda circle : and by Kdward Troughton, 
whose instrument IkuI three index arms with verniers, so that three 
readings could ix* taken at ditf'erent jH)ints of the cin le. lliis instrument 
w-:iN Miiiri- |M>|uilur with tin- I-Vl'iicIi navy Uluii witli Dritisli seuinen. 

The Log 

The pur|)ose of a log is to discover the s|K>ed of a ship |>assing thrt>ugh 
the water. 'Hie non-mechanical log is a piece of wotxlen board, attached 
to a length ot line knottetl at intervals, 't he line was run out behind 
the ship for a specified |)eriod of time. Though tlie principle of a mecha- 
nical log was described to the Koyal Society by Robert Hooke in 16HH, 
the first effective model to be commercially produced was patented by 
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Edward Masscy in IHO'2 J28'. Earlier typt-s, some of them patented, 
proved unreliable in use. Masscy's log was a towed rotator with a 
recording de\ice. 

The Meclhinicdl Depth Sounder 

Edward Massey was also responsible for patenting in 1 HOI a mechanical 
sounder based on the same principle as his log. Successive improve- 
ment-s were patented by him in later years, and his nephew and siKTe.ssor 
in his business, Thomas Walker, took out a further patent in I86"6. 
J. Ericsson of the United States patented a sounding device in 1836 
which dcjx'ndcd u|X)n water being forced into a glass tube, creating 
increasing air pressure with increasing depth. This was exhibited, 
together w ith other nautical instruments by Ericsson at the Great Exhi- 
bition in 1851, and was awarded a Prize Medal. Another of P>icsson's 
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winning instruments was a device to measure the distance of moving 
objects at sea, 'by means of a single observation, taken at sight'. 

Traverse Board 

The helmsman's traverse board is first menticmecl as part of a iMVigi^ 
tor's stock (if instruments in a book published in 15'iS, and it was used 
by seamen in nurtheni \vater:«. I'he round, wooden board is marked 
out with lines corresponding to ^se on a compass rose, each luie hav- 
ing ;i series ofholes at regular intervals; the helmsman pegs the direc- 
tion steered. A rectangular part of the board ser\'es to peg the speed, 
as foimd by tlie log line. This sinif4e nautical taUy continued to be used 
diroughout the nineteenth century on small boats [[xxiv, facing 

p. 267]. 

The Dip Circle, or Dipping Needle 

'Ilie magnetic needle in this instrument l-SOI move.s in a vertical planet 
ill coiitrast to the compass (see below), where the needle moves in 
a horizontal plane. Its purpose is to measure die vertical component 
i)f the Karth's magnetic field, discovered in about l.')"f> by r!i<- Kliza- 
bethan navigator and instrunicnt maker, Kobert Norman (fl. 
1570-90), who invented the dip cirde. The angle of dip was at first 
thought to provide the means of finding the latitude, but this provcd 
not to be true Hm the dip circle continued to In- made a.s equipment 
for the scicaitific explorer, who needed to study ilie Earlli's magnetic 
field. In this rdle, it was taken on scientific expeditions throughout 
the nineteenth century. 

The Compass and Binnacle 

Bv the sixteenth c«'nturv, mariners were using the magnetic compass, 
Willi an iron needle which had to be re-niagiieti^ed at intervals with 
a natural magnetic stone, or lodestone. In 1 746 Dr Gowin Knight deve- 
loped a method o( improving the magnetic strength of the compass 
nci'dle artifiri;ill\ . I)v a system t)f magnetized bars: he .iKo iiitrotkiccd 
tile u-se ol a steel, instead ol a .sott iron needle. Knight took out a patent 
for his compass in 1766. The nineteenth-century mariner's compass 
WHS of this tv]H', usually encased in bras.s. Some were made w ith a dnu- 
ble-laced card, or rose, so that tlie compass could be read when hanging 
above dte Master^s bunk. The ahaxinnidi compass [5 1] was deai^ied 
for taking bearings of both terrestrial and celestial objects and particu- 
larly to determine the de\ iation oftlie compass from true North. lia\ ing 
plotted the meridian passage of the Sun. In addition to the compass 
rose, this instrument was equipped witfi a sighting device, and other 

aids to the taking of l>earings. 

William i homson (1K*24 1.9U7}, iVotessor of Natural Philosophy 
at the University of Glasgow at the age of reformed ^ mariner's 
compass by ni.rr t u lighter the moving parts to prevent protracted 
oscillations, and sliortetiing the needles, to help correi t the quadrantal 
and other errors tliat arise from tlie magnetism oi the hull of an iron 
ship. The Kdvin compass [[9S]] (ThoRuon became Baron Kelvin of 
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[ar Altazimiltlicompass. si^otl: M ADE BY SPENt ER BROWNING & 
Rl'sT, I.ON Dt)N . Madr ctt' brass, and hanging in gimbals, the mahof;any 
box arts as a sup|wrt. 'I'lu* base ot" the compass housing is glazed, so that 
the compass may l>e n-ad from another lace when the seaman is in a bunk. 
Box 1 TH X ifi.'i mm ; com|>ass canl diatneter Ha mm. 
C. 1810. Museum of thf History of Science (fiH-.i-t ). 
r.SiJj Stadiometer, signed: Invented b\ G . H. Rldkev, Master, R. S. Sole 
Milker. W. Heath, Optician, Dnvnport Also bears the serial number I6;>. It 
is made ol iiickelled brass and black leather, with a table of distances fixed 
to the outer barrel (diameter Mi mm ). l iiere arc no lenses: at the front is 
a gniticule and the tubes are adjusted so that a ship's mast tits the graticule 
marks The number on the draw-tuln.' gives the range from the table. Ix'ngth 
clo.H'd 'i lo mm. 

c. 1 xr>:>. Museum of the History a/ Science ( 7S-37 ). 

l^rgs in 1892, and the name Kelvin is now usually associated with 
his inventions) wan first patenti'd in 1877. It used ciglit or more thiti, 
light magnetic needles held by a 'cat's cradle' of cords to the com|>ass 
card At either side of the hinnade. in which the conipas.s was 

nioiinted. there were two soft iron spheres, and utidenieath were cor- 
recting magnets t<) tieutralize the iron of the ship. 

Wireless telegraphy was to traiisfbmi both navigation and surveying 
in little-«'xplored jiarts of tlie world, llie |M)ssil)ilities that resulted from 
the discovery in 1 H87 of radio waves by Heinrich Hertz were developed 
by Oliver Ix>dge, w ith his spark-gap coherer of 1 HHf), and by Guglielmo 
Marconi, who sent a message from Cornwall to Newfoundland in 1901 . 
From about Ifio i>ortable receiving sets were available for use- on sea 
and land, representing a great advance in the determination of an exact 
figure? for the longituilr. 
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1^33" Ship's compass and biniucU- to l^onl Ki-K in's ck'sipn, and pn-scrni-d to 
the ScieiKV Museum by him in I «76'. TliiTi' art- soft iron gloU's lo corriti 
the quadrantal c-rrur, and adjustable magnets to correct fore and alt, attiwart 
ships, and heeling errors. 
IH7«. Stifiut Musrum ( lH7(i-73fi ). 



Cc ' ' • ' material 
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[3+3 Kelvin floating ron)()a.s.s card 
from a ship's binnacle, signed; LORD 
Kelvin's pa rtN t No. 50+4 j a.mes 
w HI I E G L A s G < ) w . The com (w.s.s 
invented by William Thonison 
( I Hi V 1!>07 ) , from 1 892 Baron Kelvin of 
I jrgs, owes its superiority to a system of 
very light needles grouped p;irallel to otic 
another and attached to a light card, 
niamcter IfiO n\m. 

c. 1 8.95. Museum of the History of Science. 




Id ' Drawing Calculating 



If the first cakuiatton is wrong, we make a second better. 

Jane Austen, Mansfield Park ( ISlii) 

There are some basic tools that all scientists and technicians make use 
of, whether they be sur\ eyors, astronomers, iia\ ij^ators, architects or 
engineers. They all need to make accurate draw ings. frequently to scale, 
and tliey need to calculate. The simpler forms of calculation - addition, 
subtraction, multiplication, division, trigonometrical functions - are 
tedious and time-consuming, so for centuries ingenious attempts have 
been made to s^x-cd up tlie calculating processes by nieciianical means. 



DRAWING INSTRI MF.NTS 



[1~ Architect's triangular plotting scale, 
signed: DdS HASUOH. Mr I'.S. Stnil. 
Made of silver-plated brass, the six sides 
are dividi'd into .scales based on tin- inch. 
Darling an«l Si'liwartz worked at Bangor, 
Maine, until Darling moved in \ ti(ui. Ik* 
was one of the fines! makers of rules and 
gauges of Ills time. The ca.se bears the date 
\H(Ui. Ix'tigth .S lo nun. 
c. 1«6"«. Prtmle collet lion. 



Technical drawing involves ruling straight lines, parallel lines, and 
lines at a given angle to others, as well as measuring parts of lines. 
Circles also ha\e to be drawn and divided. Because of requirements 
of aauracy and the need to draw to scale, drawing instruments have 
to be divided, and the .scales clearly marked, 'lliese needs have remained 
constant through the centuries, and the basic composition of a set of 
drawing instruments has changed little. A typical set would include: 
ruler and scale ; parallel rulers ; circular and/or semi-circular protractor; 
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[2j Odontograph, invented and named in 
J838 hy Robert Willis ( ISOO-TS) for the 
ust- of cngiiictTs. It siTVfd to dctfrmiru* the 
layout of involutf, as op]>o.si-<i to 
epicycloidal, gear teeth, and eould Ik- 
applied lo gcar-cutiers. Widely used in 
factories, they were sold by Brown & 
SJiarpe in the Ignited States of Amerira 
during niid-ieiUury. Maxiniuni length 
509 mm ; maximum width 205 mm. 
c. 1840. Musrum of the Histor y of Science 
(61-13). 



plotting scales and rectangular protrai-tor eombined; a pair of eom- 
psses; spring bows for small circles; a pair of dividers for pricking 
off lengths ; pens, pencils and other attachments for the legs of the com- 
psses ~\xv, facing p. 'JKK~. Additional instruments could be included 
for special needs, or bought separately. 

lliese basic instruments for draw ing are very ancient in origin. Com- 
passes and dividers can be traced back to Babylonian times, and Leo- 
nardo da Vinci ( 1 45<2 lol.'i) sketched drawing pens and projxirtional 
compasses, llicre are superb examples in museums of sets of drawing 
instruments made by Italian and French craftsmen of the sixteenth and 
seventeenth centuries as courtly gitts. The instruments are elaborately 
decorated, made from gildtxi copfx-r or brass, and fitted into tooled 
leather cases. Kightcentlweiitury sets were conmionly contained in 
cases covered in black fish-skin, witli fli|>-top lids, though there are 
some examples in oniate, hinged boxes. By the nineteenth century there 
is a distinction betw een sets of draw ing instruments produced for pro- 
fessional u.se, and the cheaper, less extensive sets for students in techni- 
cal schools. Cases of draw ing instruments for surveyors or engineers 
were made from mahogany or rosewood, with brass-bound corners, 
and a number of lift-out trays, the whole thing lined in \ elvet, usually 
dyed blue. In contrast, there was also a demand for flat, leather-covered 
cases, w ith rounded corners and a bolt fastening, that were slim enough 
to be earned in a pocket. These were first imported from France, and 
later copied in Britain 

'Hie traditional materials for drawing instruments are brass, with 
steel points for compasses and dividers, and boxwood, brass, or ivory 
for rulers and .scales l-Sj- By the middle of the nineteenth century the 
British trade was sufl'cring strong conifvlition from the Continent. The 
Swiss were introducing instruments of light construction, while the 
French were using ()earwood for set-squares and cur\es, which gave 
a better drawing edge than tho.se of Kngli.sh manufacture, 'lliis stimu- 
lated William Stanley (is^f^iyoy) to set up his drawing equip- 
ment business in 1 k.'jS. In 1 86' l he applied for a patent to use aluminium 
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Rolling nilcr of ivon', ebony, and 
brass, sigmd; w &sjoNKsao 
ilot.BoHN LONDON. Length 23 A mm, 
width W nun. 

c. mm. fl'hiftpU Musfum of thr History of 
Sciencf ( 'Wi.'i ) . 




in thf manufarture of drawing instrunu-nts, and by tlie late lH60s, his 
fimi was one of the leaders in the field. Anotlier metal that beeanie 
popular for drawing instruments was Gennan silver, a cop|K'r, zinc, arid 
nickel alloy used in sets supplied in the l8H()s by the finn ofNegrftti 
& Zambra. Its merit was that it resisted corrosion better than brass, 
and was therefore best suited for use in warm, damp climates. 

The nineteenth-century draw ing office was a jJroduct of the Indus- 
trial Re\ olution. 'Hie fields of activity for the sur\ eyor, enpineer, archi- 
tect, and na\ igalor were widening all over the world. Vast areas, such 
as the continent of India, were being surveyed, and great tracts of ocean 
charted; railway networks were being built, as were locomotives, and 
steam-ships to replace sail ; the gas industry was lK)rn ; a rapidly increas- 
ing (X)}>ulation ni-eiled homes, schools, offices, shops, anil pulilic build- 
ings. The scale t>l'productioti, and the range and complexity of ]iroducts, 
require*! technical drawing to become ever more exact and more sfx-cia- 
lized. The drd'cing hoard can be regarded as the fundamental drawing 
instrument. A good drawing board should have a surface that is jkt- 
fectly level, and which w ill stay so under changes of temperature; its 
edges must ix- straight and square; it .should be- light in weight. Well- 
seasoned pine is normally used, the boards about 'io mm thick, tongued 
and glued together. The underside is strengthened by cross-pieces, so 
arranged and fixed that expansion and contraction can occur without 
straining the boards or the joints. 

The jnid-<entury board took some rough treatment. The paper was 
dani|K'd on the underside and then the edges of the paper were carefully 
glued to the board. Allowed to dry. probably near a fire, the pa|K'r 
would be taut and suitable for the work in hand. When ccnnpletcd, 
the plan would be lUl away from the board at the glued edge. Damping, 
drying, glueing and cutting would spt>il drawing boards, and so, after 
they were replaced they would be destroyed. ConscH^uently, one can 
exjK'ct few survivors. 

Tlie T-square is used in conjunction with the drawing board edge 
for marking horizontal lines, llie blade is the .same length as the board, 
and it fits into the top of the T, called the stock. T-.s<)uares are made 
of hardw ood, jx'ar-w tK)d being about the best, although maln)gany w ith 
ebtmy is very .suitable. 
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[[4J Circular, brass protractor, signed : 
Thomas Jones Charing Cross. The degree 
scales are divided into six groups of'60'\ 
the degrees divided to uo'. The inner scale 
can bo rotated inside the outer by tlie 
gearing. The scales are read by the 
magnifying lens. Diameter i^i mm. 
c. \8iO. Musfum of the History of Sdfnce 

(si-e). 




>Lv'niK>iATn Aj.,()rniAi. 

I NSTK r.M EXT AKKK. 

/ // f^' ti /tf/f/f • ///*,/ > 
ff.tr. tf(f, /rr 



Iradc t"ard of Thomas Jones 
( 1 775- 1 «A2 ) . He was at I 'iO Mount Street 
in I nm, at 'i l ( )xendon Street from 1 8 1 1 , 
and at Charing Cross from I H !(> to 
I850. One of the most cmiiK-nt of 
instrument niakers, lie was elerted a 
Fellow of the Royal Society in IS.S.I. 
1811 16". Musrum of the History of Science. 



The Protractor 

'Vhis is (lie general name for the instruments used to divide the circle. 
As with most other drawing instruments in the nineteenth cetitury, 
a number of different variations on the basic design were produi"ed for 
particular needs. Protractors may be circular ~ H. semi-circular, or rec- 
tangular; for accurate work, they were often fitted with a vernier, and 
tliey could also have other attachments, such as folding arms, or reflec- 
tors, or a plumb-line (on the Sandhurst military protractor). The 
stutnm fHiiiiter ( .see Chapter I I-, plate ii*>j i-s a kind <if douliU- arm protrac- 
tor which was used particularly for liydrograj)hic surveys ( see p. 5J67 ). 



The Elliptical Trammel: Elli/>suffrap/i 

An ellipse is one of the curves of some im|X)rtance to the draughtsman, 
for example in connexion with the design of bridges. 'I'he common, 
crude method emj>loys two |>ins at the kmi holding down a string, 
then a pencil always pressed into the string will draw the ellipse. Tl«ere 
are two tyjx.'s of instrument, however, that will draw accurate ellipses, 
even though they are rather cumbersome in use. Tlie smaller device 
will draw large ellipses and the larger instrument small ellipses. 

Tlie simpler in construction is the elliptnal trammel (compas k el- 
lipse) which consists of a cross-shaped base of brass that pitis to 
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~6] Elliptical inunmel, of brass, with steel 
pins, contained in a fish-skin case. Used for 
drawing larger ellipses. Ch erall length of 
bar 1 85 mm ; diameter of circle +5 mm. 




c. 1800, Museum of (he Uislorx of Science. 



the drawing board, and a bar with a pen at one end, that runs through 
two sliding heads. The heads run in tracks cut into tlie cross, and .so 
constrairj the pen on its bar tliat an ellipse is drawn, Because the curve 
is outside the cross, the smallest ellipse that can he drawn with a tram- 
mel has a minor axis of about five inches. The instrument was in use 
from early in the eighteenth c-entury, and was employed by joiners, 
among others. 

The ellipsograph [7 & 8] was invented in 1813 by the English civil 
engineer, John Farey ( 1791 1851 ). It has a large framework .so that 
the cross is above the jx?n. by which construction verv' small ellipses 
can be drawn. Later developments were by James Kinney and by 
Kdward Burstow, and both versions were made and sold by the fimi 
of Stariley during the latter fwrt of the nineteenth century. 

Map-measuring Inslrumrnts 

First attempts to make an instrument that would measure directly an 
area bounded by an irregular curve - notably an area on a map were 
made in the early years of the nineteenth century, in (Jeniiany an«l in 
Italy. But all inventions proved to be inaccurate until, in about 18.'> I-, 
Jakob Amsler, professor of mathematics at the I'nivcrsity of Schaffen- 
hausen in Sw itzerland, constructed h\s polar planimeler Qf)". This ingeni- 
ou-N iii.struiiK-iit itinsisi.s »il two arms, one wlili a pin to Hx to the board, 
and the other with a tracing point. At the junction of the arms is a 
.small wheel that rotates as the tracing movement is jierioniied, and 
the area is read off a dial. Since it was both cheap and effective, «)ver 
12,000 examples of Amsler's instrument were produced in tlie next 
thirty years. Also for use on map work are devices for measuring the 
length of roads, rivers, walls, etc. The opiiometer consists of a milled 
wheel on a .screw thread with a handle. The wheel traces the line on 
the map, and is then wound backwards on the scale at the edge of the 
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[7j Ellipsograph made of brass and steel, 
signed: w. & s. ,\ ON F.H .HO Holhorn 
London. 'Hiis instrument, for drawing 
smaller elliiKifs, was invented in 1813 by 
John Fa rev. W. &: S. Jones were in 
business throughout the first half of the 
lf)th century. Dimensions lAox laomm. 
c. 1815. Musrum of thr llislon of Scirnce. 

rs" Ellipsograph made of brass and steel, 
signed: lloltzafifffl &' Dtnerlein FecirunI 
LO\l)()\ Joseph CUmi-nt Itntnit. 
Holtzapttel Deyerlein wen- at «4 
Charing Cross from 1 H26 ; the name 
changed to Holtzapfl'el & Co. in 18.'>1, after 
the death of Charles Holtzaplfel 
( 1 80f>— 1-7 ). 'I'hf firm was known for 
woodworking tools, lathes and scales. 
Clement published liis invention in 181!;*. 
BaM- frame .S«0 x mm : outer diameter 
lower cinJe 30<» mm ; top circle 30() nun. 
c. 1830. Museum o f thr History of Science 
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l9~ Polar planimeUT, signttl : J. AmsliT 
facsimile signature. Also inscrilx'd: filosa. 
The fitted case ( not shown ) has the 
retailer's label: T. mason OPTICIAN 
5, UAMK S I KEET Ul'BLIN. The 
instrument is made of brass atid steel, with 
ivorine count w heels. This design was the 
invention of Jakob Amsler, a Swiss 
pmfessor, in about IK/i K and is used for 
computing areas. Ix.'ngth oflwse bar 
I "(» mm. 

I Jle 19th centur)'. Musrum uf iht History 
ofSdence(7H'J4). 




^103 F.ngraving of pro|M)rtiotiaI 
compasses, for enlarging or reducing plans, 
or for making calculations. This tyiJe of 
instrument has not altered from the I Sth 
century to the present day. L'sill, Pnirluiil 
Sunrying, l.-ithedn ( lf)2«), p. SfiS. 



map. T\n- thiirtomeler is a refinement whicli has a dial and pointer to 
give the measure iniinediately, w ithout winding bark on the scale. 

Copying Instruments 

Copies of draw ings and plans are frequently required, eitlier the sante 
size, or on another .sralc. For c»)pying to the same size, the three-legged, 
or triangular, compasses are used. Starting with any three points on the 
(►riginal, successive points are taken off one at a time, a fxair of {H>itits 
already copied being iieco.s.sary to preserve the orientation. 

T\w profHjrtional c ompass ~\0' is used to enlarge or reduce a draw ing. 
It has two amis, each with a slot, and in the slots runs a moveable 
pivot which is tightened by a thumb screw. Points are tilted at each 
eiul ot the arms, and if the pivot is set at the |)ositi<)n t>n tlu- Stale 
of Lines marked 3, then the ends of the compass will be sfKiced in the 
ratio I ;3. Tlie Scale of Circles pro\ ides the setting for inscribing a 
regular (x>lygon in a circle, usually w ith tlie number t)f sides from (i 
to i20. The pivot is tightened at the number of sides rtnjuired, and the 
lower points set to the radius of the circle, when the top points w ill 
give the length of the side of the polygon that can Ik" inscribed inside 
the circle. The Scale of Plans ( or Area ) is used to reduce or enlarge 
areas in a given proportion, and the S<'ale of Solids .serves likew ise for 
\t)lunie. 

The |)ro()ortional compass derives from the ' w lu)le and half compass, 
which has a fixed pi\«)t to give the one ratio of 1 :'2. (A s[x'cimeti was 
fuund ill the ruins of the Koiiiuii town ol I'ompeii. ) The |>ropurtional 
comf>ass was the inventit)n of the Swiss instrument maker, Josl Biirgi 
( \r>'>ii Hi.i'i), at the begintting of the seventeenth century. At about 
the same lime, CJalileo was working on his sector, which he called a 
compass, and this has given rise to a linguistic confusion Ixjlween the 
Englisli and Continetital usage. The pro|K>rlional compss is known 
in Italian as ■ct)mpasso di riduzione' and in French as compas de reduc- 
tion". The Etiglish sector, on the other hand, is "comiwsso di pro|X)r- 
ziorie' in Italian, and compas de |)ro|M)rti«>n' in French. 
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[I r Pantograph, madt- uf brass, with 
ivorv wheels. The positions of the tracinj^ 
point and the peiKil are adjustable for 
different degrees of reduction or 
enlargement of the figure to l)e ropicd. A 
lead weight is over the pencil- The 
mahogany case is tiot illustrated. Overall 
length 2.W mm. 

f. 1 830. Museum of (he History of Science. 




1 2]] Example of the eidograph, signed : 
Kidograph No. ii Imrnted by H'. ff 'alliue 
Prof' of Math Cnn<ersity of Edinburgh 
Constructed by R. B. Bate Poultry lutndon. 
This device was invented in 1801 by 
William Wallace as an improvement on 
the pantograph. Bar length "00 mm; width 
50 mm ; diameter wheels 155 mm. 
c. ff hippie Museum [ lUfiS). 



A number of other instruments were invented to speed up and make 
easier the task of changing scale. The pantograph Ql 0 was first devised 
between 1603 and 16'05 by the German astronomer, Christoph 
Scheincr, and improved a century and a half later by the Parisian instru- 
ment maker, Claude Langlois (tt. 173O-50). It consists of four brass 
bars, jointed in pairs, one pair being twice the length of tlie other. Under 
the joints are small castors, and one long bar has a tracing point, while 
a short arm has a pen held by a sliding head, that is set to the required 
ratio. On the other long bar is a pivot point in the form of a heavy 
brass disk. The eidograph [|I2J was an improvement on the pantograph 
invented in 1801 by William Wallace (1768 1843), later professor 
of Mathematics at Edinburgh University- It enabled any ratio to be 
taken between the limits ot one to three. 
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'Ilif < vmo^n//i// was invented by Robert Willis (IHOO ".'>) of Cam- 
bridge University in 18+1. Its chief usefulness was to take outlines of 
solid objects, such as mouldings and can ings, or taking off outlines 
from drawings to material for pattern-making or carv ing. It consists 
of two free-jointed parallelograms of metal. The one with the shorter 
sides is fixed to a small drawing board, and the other carries a rod 
with a small kiiob that 'feels' the moulding that is being trace<l. 

CALCULATINO INSTRUMENTS 

The ahaais ^13'- which is familiar to us today as a frame containing 
beads mounted on wires, means \t\ Greek a disk or table; the Greek, 
and later the Roman abacus was a convenient fiat surface on which peb- 
bles could be placed. So the first aids to numerical calculation were 
groups of small objeas, usually pebbles, in Latin 'calculi'. The I.atin 




[133 Two alwci. Almf. ChiiU'.se, rose- 
wood frame ( 148 x io3 mm) and beads, 
bamboo runners; |nirdia-M.tl in a Chinese 
.shop in San Fraiurisco in October 1 877. 
Belou : Japanese, cherry-wood frame 
( \ m X «« mm), oak and ivory, with 
bamboo bead.s and runners. Bought at a 
.sale in 1.^29, but this is a traditional form 
tliat continues in production today. Below 
the bar, the beads count 1 unit, above the 
l)ar, a units. The Cliinese employ two 
beads above, but the Japanese only one. 
Tlie numlKT set, as photographed, is iy«2. 
Musfum oj Ihf History oj Self fu-e 
(LF.iiSH.'iiHtt). 




phrase for rcckoninj^ up accounts wns 'ponerc ra1cnlo!i', wh'u4i means 
to place the pebbles, and from this word derive our words calculate' 
and 'calculus', a branch of mathematics. As well as the calculating board, 
the Romans also u.sed small bead calculators. These are small enough 
to hold in one hand, and consist of beads that arc moved in vertical 
slots. Both of these simple calculating devices continued in use for cen- 
turies. Calculating boards, with counters, were used in commcrw, and 
by government officials, throughout Europe from medieval times until 
the eighteenth century. The coimters, known as jettons (from the 
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At itlitiiijiiictcr, Mi^iicU • I 1Iv*ma:>, 
dcCoimar A PARIS INVENTF.U'B 

No. <»Jif5. This type, the first miihiplication 
machine to Ik' tnudi- aiiiiiiii-rcially, was 
invented in about IH20 by Chevalier 
Oiarles Xavier 'Iliomas ( ITh.'j I«70). 
f. I860. Snrnre Museum ( IHfiS- I ). 



French, ' jeter', to throw ) were latterly made of hrass, and are stamped 
oil t>tu' .side witli the head of the rei>rnin^ monarch, and on the other 
witli llie maker's name; from the sixteenth a-ntury, these tokens were 
made in Nuremberg. Hie Infad-frame abacus is still in use today in 
(^hina, jafwn, Russia, Poland, and some other eastern countries. 

Before geometrical surveying techniques could be imported from the 
Continent during the middle of the sixteenth century, it was necessary 
for practitioners to have a knowledge of arithmetic, and for arabic tiu- 
merals to replace roman. (The notation included the zero, so giving 
positional significance to the cyphers. ) In the Kxchequer Records, ara- 
bic numerals were first used at the end of the sixteenth century, but 
roman did not entirely di.sapjK'ar in this stronghold of tradition, until 
the mid-seventeenth century. Accounts were done on ruled boards with 
casting-i'ounters. hence the phrase 'to cast accounts'. Per)-reckoning 
was verj' necessary for any technical subject; and the highly influential 
work of Robert Recorde (c. l;)l0-5«). The Ground of Artes Teaching 
the ITiirke <inti Praitise of Arilbmetike^ published in l.'>kS, and the 
standard work until 17<K), was the first of .several books written by 
Recorde, in Knglish rather than I^atin, that contril>uted to British excel- 
lence in applied science. John Napier of Merchiston ( LO-SO 1617) 
de\ i.sed logarithmic tables, and juiblished his work in 161 +. The tallies 
reduced the tedious atid error-prone multiplication of large numbers 
to simple addition and subtraction. Not content with this im{K>rtant 
step, he pnHluceil in 1617 his .set of rectangular rods in.scribed with 
numbers, which l)ecante known as Napier's Bones. 'I'hese were the fore- 
runner of several of the later calculating machines. The first step was 
to speed up calculation with the rods by substituting rotatable cylinders 

tK'ai'iii^ tlu' liuililici'.s, and llieiii in a bti.x.. 

'I'lje first geared arithmetical macliiiies were dcN ised in the early 
.seventeenth century, the two leading pioneers being the Frenchman, 
Blaise Pa.scal ( 1 612.^ 62 ) , and Sir Samuel Morland ( I6'2."> <>5) who 
ktame Master of Mechanicks to King Charles II. Pascal, after many 
attempts, produced his definitive model of an addition machine in 1643. 




mm 
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~ 1 .'>~ linin)<viga raUnilaiing machine, 
.si|riitHj: BHI NSVKJA Nii. 'Ki'J. 

G. S is. C. c. a. A. I';miiti'.l by W. T. 
OdliiR-r in CitTinany in lh<>l, who sold it 
to CJrimme, Natalis & Co. of Brunswick. 
'I'he (Whrier wheels give a compact design, 
and multiplication and division rtijuire no 
gear change, merely reversal of the sense 
of the handle. 

iniii. Sdffiif Museum ( 18.9S-17). 




Morlaiid invented a machine for tlie same purpo.se in Ife'fiG, and in his 
lMK>k describing the ofx-ration of the addition niachitie, also described 
another, adapted for nniltijilicatioti and divi.sion. lliree years earlier, 
he had de\ i.sed a trigonometrical machine and, in U>6'4, it was con- 
structed by Henry Sutloti and Samuel Knibb, two leading Ivondon 
instrunient makers. Tlie next adv ance was made by Gottfried Ix-ibnitz 
( 16"Kj I7U>), who c<inceive<l, in I(>71, the idea of a multiplying 
machine that worked by rejx-ated addition. This was finally niade in 
and an important feature of the machine was the stepped reck- 
oner. During the eighteenth century, a number of different mathemati- 
cians and instrument makers attempted to devise an arithmetical 
machine that could be made commercially, but failed to achieve the 
necessary degree of aix'uracy. It was not until the early tiinetecnth cen- 
tury that the first successful calculating machine was it>vented. 

It was in IK'iO that Chevalier Charles Xavier Thomas, of Colmar 
in .\l.sace, pn)duced his arithmomeler ~1 4", which |)roved to be the 
first multiplication machine capable of successful commerical produc- 
tion. This was known as the Thomas de Colmar Arithmometer. Impro- 
vements in details of its construction were made over the years by vari- 
ous niiikcr» liui tlic iiialii fcaturvii uf the design rciiiuiiicd unaltered. 
The mechanism is devided into three parts, concerned with setting, 
counting, and recording, arranged in order from front to back of the 
machine. Any tmmber up to fW»,J*f»f> may be .set by m«iving the jminters 
in one or more of the six slots in the fixed cover plate, which has the 
numlxfrs () to 9 engraved to tlie left of each sU>t. The movement of 
any ofthe.se p{)inters slides a .small pinion w ith ten teeth along a square 
axle, underneath and to the left of w hich is a Leibnitz stepjvd cylinder. 
.A lever at the top left-hand corner of the fixed plate can be set for 
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Aildition and Multipliration' or 'Subtraction and Division', and sets 
in motion lievel wht-els that rotate fitlier tl<Hk-\v ise or ant i-thnk wise. 

The next stage in the development of the calculating machine was 
the replacement of the I>.'ibnitz stepped cylinder by a wheel having 
a variable number of projecting teeth. Tliis was first patented by K. S. 
Baldwin in 1H7.'>, but the more important patent was that of W. T. 
Odhner in 1891, that resulted in the production, from 18952, of the so- 
called ' Hrunsx'iga' calculating machine j^lSj. Its ojKTation is similar 
to that of the Thomas de Ct)lmar machine, in that it |X'rfomis multiplica- 
tion by repeated addition, but the use of the Odhner wheel makes it 
much more compact in design. The Odhner w heels, of variable number, 
fit very closely together on the axle at the back; the amount of gearing 
is reduced, and the machine .somewhat resembles the old-fashioned type 
of cash register. 

Another variant of the calculating machine, developed chiefly in the 
L'nitcd States, used figure keys instead of slot markers. Some of these 
were key-driven, that is, the mechaiusm was actually oix-rated by the 
depression of the keys; in others, the keys were simply set in position 
and the mechanism operated by a handle. The key-driven machine 
became fully effective in the form o( the comptometer, patented by Dorr 
E. Felt in Ikh7. Printing was incorjiorated into an adding machine for 
the first time in 1872 by E. D. Barbour. From 189'i well into the twen- 
tieth century, the leading de\elopers and producers of this type of 
adding machine were the Burroughs company. 

Direct method multiplication by machine was invented by the young 



LlGj Adding and listing machine, signed; 
burroughs' .\DDrN(J & 
REGIS TEIIINC; MACHINE COMI'.ANY 
LIMITED. PATENTED SEPT. 1893 
NOTTINGHAM ENGI.A NIJ. The 

Keyboard design of adding machine, with a 
paper roll, introduced by William S. 
Burroughs c. IHHO, wa.s intended to tyfie a 
column of figures and then, almost 
automatically, to type tin' sum total. 'Hie 
madiine illustrated wa.s used at Barclay's 
Bank Head Office Ik'I ween l8.'J7and I!) 13. 
1 8y7. Science Museum ( I91S-SS*). 




Ql7j C'aUulating niachiiu-, signed; Hans 
\V. Kgli Ingi-nii'ur l-'ahrikation von 
RcclM-mnadnneii Pat. O. Sieigcr Zl'Klcil 
1 1 . Also inscribed : I H E MILLIONAIRE 
No. ST-H . This design was patented in 
1893 bv Otto Steigcr of Munii h, and was 
first markctfd by H. W. Kgli in IB!>!J. 
Multiplication is achieved dircftly, and not 
by suwx'ssive addition, so requiring only 
one turn of the handle for each figure of the 
multiplier. Tlie njechanism for achieving 
this is due to Ix-on Bollee, 1887. 
c. 1910. Sdencf Musrum (1914-191 }. 
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son of a French bcll-foundor, Ij?on Bollee, in 1887, hut the full (levelo]v 
ment of this more complex instrument had to wait till this century, 
in the fotm of the Mcrcedes-Euklid machine produced in Gemiany. 
Another early-twentieth-ceiitury development was the incorporation 
of electric motors into calculating machines. 

The rapid increase in the scale of commerce during the nineteenth 
century gave a strong impetus to the invention of instruments that could 
ix-rform numerical calculations quickly and accurately. These were used 
not only tor dealing with masses of figures in banks and insurance of- 
fices, but also in retail shops. A German mathematical encyclopaedia 
published in 1901 recorded that its author. Professor R. Melimke, was 
able to list over 80 distinct calculating machines. Alongside the com- 
mercial demand, however, there was the interest of niatliematiciaiis and 
scientists in these machines, which were also of use in research. Scien- 
tists invented machines with far more complex powers than the arith- 
mometers u-sed in business and commerce, that were known as difl'er- 
ence or analytical machines. 

The requirement also contitiued, however, for readily portable 
instruments that could aid the professional man in the particular ty|x? 
of calculations he had to make most frequently. This need was filled 
by the sector, and more particularly in the nineteenth century, by the 
slide rule. 

The Sector 

The sector and the slide rule [18 & 19] were both devised around 
IfiOO, but the former, after a life of about 3tK) years, was falling out 
of use by the ntid-nineteenth century: William Stanley in 1866 des- 
cribed it as 'a kind of established ornamtrnt" often found in cases of 
drawing instTumontsi. The «pctor wa« In iiso in Rritnin Ky tbo I.^OOr 
for surveying, and was later made with scales s|>ecially suitable to na\ i- 
gators, sur\eyors, and drauglitsmen. Galileo worked on tlie sector in 
about lrt<M), but he called it a compass, so that, on the Continent, the 
sector became known as the proportional compass. Since this latter 
name is given in Britain to an entirely different instrument, it is imjwrt- 
ant to be aware of this linguistic problem (see above). 

The sector has been called a universal scale; it is used with a pair 
of dividers or compasses. In appearance like a Jointed rule, it is found 
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"iHj Four six-iiuh sectors. Ti>/>: Wary, 
sigru-*! : T H O M A S J O N F. S fi\ C U A H I N G 
f K ().ss ; c. 1 HM) ; Ifjl : j\ «)rv, sigm-d : 
EI.I.IOTT BRO" STRAND, LONDON; 
f. I860; right: silver, sigtie<l: l^illund 
iMHthm : I. I H'io ; bottom : brass, sipied ; 
J. iMttg London : c . lMi2.'>. Radius of each 
153 mm. Private collection. 




in (;-inch, .'»-itidi and l<2-indi sizes wliicli. when opened right out, form 
rules of doul)l(' the lenptli. Sectors are to l)e found made of b<ix\vood. 
brass, ivory, or sometimes of silver. Tlie sides are engravwl with a 
number of mathematical scales, the English instrument diifering from 
tlie French, which was intended for gunnery The F.nglisli instrument 
is essentially a draughtsman's aid, and it normally bears the following 

M-nles, with itH synil>ol in bmcltots: lint' of eijual parts !'"•* 
chords (C) used to protract an angle; line of sines (S) ; line of tangents 
(T) ; line of [xjlygons (P or I'OL), for inscribing a regular polygon 
inside a circle of a given radius; line of numbers ( N ) useti tor njultijilica- 
tion as with a slide rule. S<imetimcs further scales are marked for the 
construction of sundials. 

T/ie Slide Ruli- 

'Hie slide rule tl9j is hasetl on logarithms, and owes its origin to the 
scale devised by Edmund (iunter in Ifi07, and published in Uj2.S. The 
Cninter scale, or line of niimlnTs'. consists of twii scales of logaritluns 
placed end to end and used with dividers to multiply aiul divide. Wil- 
liam ()ughtre<l placed the two scales side by side to make the first slide 
rule in 16".4i>; the two Males could mi>\e jxist each other, thus doing 
away with the need for di\ iders. Also devised in the early seventeenth 
century was the circular slide rule, first published under the name Math- 
ematical Ring by Richard Delamain in 1630, and two years later as 
the Circles of Pro]H)rtion liy Oughtred himself This type was made 
only in comjKiratiN cly small numbers. The runner or cursor, tbund on 
all modern slide rules, was designed by the original inventor of the 
circular slide rule, but, despite being used in some prototypes, was not 
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[]IH~ Kivc slide rules. To^: musician's 
slide rule, boxwood ( 3 1 + x .S« mm ) ; late 
lyth century : upper middle: larpcntcr's, 
boxwiMxl (.so.') X 40 niiti), signed: F. B. 

COX MAKER LATE THO* \ CO; 

f. I860: middle: Excise Officer's, boxwood 
(a05 X 27 X s!o mm ), w ith four slides, one 
in each side, signed: DOLLOND 
LONDON; r. \ASO\louer middle: boxwood 
( SO,") X 4H mm ) , signed : H O A R F. ' S 
IMPROVED DOfltl.E .SLIDE RIU.E ll> 
BILLITER SQCARE LONDON;!. IHfi7. 
the date of publication of Charles Hoare, 
The Slide Rule and llou- to L'se ll; bottom: 
ivorv ( 1K7 X <s.') nun), signed: DICAS 
PATENTEE LI V ERPOOL : f. 1810. John 
Dicas patented in 1 7Ho his excise 
hydronietiT, with a slide rule for correcting 
for tem|XTatun' : his busincts was 
continued by Ann Dicas tot". 1822. 
Museum of the History of Saence ( SS-SS; 
r,2 fH): L.E.:fiH Ml : nn). 




"ao^l French aa'ountant's slide rule, 
.sipm-d: .(. LELL'BOI.S INVRNIT TABLE 
D INT E RETS, Made of silver on a 
mahogany base ( 455 x 88 x 20 mm ), the 
slider is reversible. Columns marked: 4% 
MILLIEMES ; NOMBRES DE JOUR.S ; 

MOIS. Mid- 1 f>th century. Museum of the 
History of Saence. 



found on the straight slide rule until the mid-nineteenth century. The 
effectiveness of the slide rule as a means of rapid calculation, where 
results to only two or three significant figures were needed, was appre- 
ciated from the second half of the .seventeenth century. Special versions 
were devi.sed for use by particular trades. Among the most w idely used 
types of slide rule in the eighteenth and nineteenth centuries were the 
Coggeshall and the KtrrarJ. In 16'77 Henry Coggeshall published a book 
that ran to many editions, in which he described a two-foot folding 
slide rule adapted to timber measure. The Coggeshall rule, usually made 
of boxwood, lias a brass hinge and end-caps, with a brass slider in one 
arm. The slider bears a Ciunter-tyi^H.- logarithm .scale. On one side is 
a conventional double 1- 10 scale, while on the other is a broken (Junter 
scale from 4 to l which is called the girt line, for measuring the volume 
of timl)er. On the back edge is marked the 'i l~inch rule, and on the 
back of the brass slider is a I'i-itich rule, so that tlie whole thing can 
measure a yard (.015 mm). Also marked on one arm is a table which 
gives the sterling price of various units of timlx-r .\long the edge of 
the rule is a scale dividing tiie foot into UH) parts. 
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In 1683 Thomas Everard described a slide rule for use by excise 
officers, in assessing duty on wines and spirits. The Everard slide rule 
was nearly square in section with sliders on all four sides. It is a foot 
long and an inch square, with Gunter's scales, and is niarked with stan- 
dard points important for Excise use, including: WCJ wine gallon; 
ACi ale gallon; MH malt bushel. 

More geticral purpose was tlie Coulson slide rule, which was flat, 
about lo inches (iJ5()mm) long and 1 inches (.'>() mm) wide. It has 
two sliders of the same thickness as the rule, graduated on both faces. 
S> there are in efiect tour sliders, each with a pair of scales abo\ e and 
below. Gauge points act as constants to be used in calculating the con- 
tents, weights etc. of timber, iron bars, casks, cattle, and .so on. 

In addition to the long-established carfK-nter's and excise officer's 
slide rules, the first half of the nineteenth century provided some inno- 
vations, 'lliere was Mark Roget's invention in ISI + of the log-log scale 
(logarithm of the logarithm of x) which allowed iwwers to be read 
oH" quite simply. It was used for compound interest and making esti- 
mates of future ]x>puIation irKreases. 

Silvanus Bevan produced an engineer's slide rule, one of many in 
this class, which all carry the main mathematical .scales and a few for 
particular industrial calculations, W'oollgar s Pocket Calculator had 
two slides, and scales of sines, tangents, areas of polygons, circular 



[[21^ Circular slide rule, signtnl : 
palmek's comih:ting scale 

IMPROVED BY FUI.I.ER [HegL-itered^ /n 
the year IS-t-."), by .-ianm Palmer . . . and hy 
J F. Fuller lH t7. 'lliisdevKc was 
itivcMted and prcKluml in Boston 
Massachusetts. For the rever.si- side, .si-e 
Chapter 'J. plate IK. Dimension.^ 
as."; X IH:! iiirii. 

1847. H'hipplr Museum ( l-tT.'i ). 





rxxv' I^rge set of drawing instruments, si^ed on the case: L. CASELLA 
LONDON . Signed on thccinular protractor (diameter Idi mm) : L. Casetta 
Maker lo the Admiralts- cs? Ordnance Ijtndon. The f>-incli i\ ory sector is 

signed: HOLTZAPFFEL A CO 6+ CHARING CROSS LONDON. Among 
the Li|ui|mu-nt an- a nickel-plated iO set square, eleven French curves, a 
three-legged compass, and u Ix-am compass. I^)uis 1'. Casella was trading 
.iepaiuti-l\ Troiii IH>h at J.t lldltiiti (laiiK-ii, I.<(iiiUoti, aiiti the tlnii coniiiiued 
into the twentieth century. C ase ■M)5 x i!00 x i ih mm. 
f . 1880. Museum of the History of Science (78 -M). 



laterial 



I^XX VIj Stnall orrerv, made of printed paper on oak, and contained in a 
niarbled-paper-covered wooden box. This instrument demonstrates the 
motions of the Earth and Moon relativ e to each other and to the Sun. V\'. & S. 
Jones of I jondon sold a vcr\- similar model. Diameter \9.'i mm. 
f. 1810. Musfum of the History of Sciemt (CHE ). 
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1^22^ Slidf ruU- for calfulatitig rates of 

cxdiaiigf, signi-il: Published by ff. Cary, 

lUti, Strand, ApA I.INI.'i Afn^ ^-f. 

I HI.'). The st ales are printed on |>a[x'r from 

ftigravcd plates, the base l)eing mahogany 

(.■J07 X 7."J X II mm), btale.1 are labelled: 

exchanges, bullion, weights and measures, 

nionies and coins, etc. 

f. 1815. Museum of the History of Science 

(96-RO). 



segments, interests, and annuities, Ewart's Cattle (lauge, made by 
Cary and others, was marked with weight in stones and girth in feet 
and inches. The nautical slide rule was introduced to help in the tedious 
calculations of latitude from obser\'ations of lunar distances with the 
sextant. The most prominent makers in the first half of the century 
were R. B. Bate, J. A. Rooker, and W. Cary ; followed in the later years 
by Dring & Fagc ( cspcrially for exci.sc ) , W. V. Stanley, and I Ca.<iclla. 

Specialist slide rules were also made in such variety that only a few 
can be mentioned here. Wollaston's scale of chemical equivalents was 
in the form of printed pa|x.r on a mahogany board and was tnade by 
W. Cary in 1814. (See Chapter 12.) In 1815 W. Cary produced a 
similar-looking slide rule for currency and bullion calculations [22]. 
Among other rules arc those for cargo weights, rents, proof spirit, pho- 
tographic exposure, barometric height, and computitig run-oif to 
sewers. Klorian Cajori, writing on the history of the slide rule in lJiUf>, 
made a list of slide rules designed and used since 1 800. He recorded 
a.oe different types, of which .90 were produced during the first nine 
years of the twentieth century. 

Cylindrical slide rules Q^S] have the advantage that they can be equi- 
valent to many times the length of the normal slide rule. Tlie cylindrical 
rule lx?came popular at the end of the nineteenth century. A very large 
cylindrical slide rule was patented in 1881 by Kdwin Thacher and made 
in New York. But by far the most popular rule of this type was the 




Caal Cylindrical slide rule, in-^-ribed: Patented by FJu tn Tkitcher T-'sic' 
C. E. Nm\ l" IHHl. Divided by H'. F Stanley. Lmdon. INH2. Also inscribed: 
T II A C II K R ' S C A LCI' 1. A T I N G I N ST R U M F. N T .The in.strunietit was made 
by Keuffel & Esser Co., New Vork; the plate for printing the .scales was 
divided by Stanley in Ix>ndon. Hie scales are 40 times as great as on an 
ordinary slide rule of similar length, thu.s giving accurate readings to four 
figures. Tl»e invention was patented by Edwin Thacher of Pittsburg. Base 
board .'>4.^ x 14(> mm; cylinder diameter I2.'> mm; length of .scales 4.')7 mm; 
height l/io mm. 

c. 188.5. U'hiftple Museum (SSS). 
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1^241 Kiifjraving of a Fuller's helical slide 
ruU', which was patented in IH"h by 
Professor Cieorge K. Fuller. Ilie cylinder 
is made ol'|>apier-niache, 162 mm in length 
and HI mm in diameter. 'Iliere is another 
cylinder inside the first, and a third inside 
that, each with an index arm. 
(-. I<HK). Stanlfy ( l.'M)l ),p. .Vf.'i. 



invention of Professor Georjje Fuller in \H7h. Tlie Fuller slide rule 
L'i4j was equivalent to eiglit times tlie lenj;tli of a rectangular rule, 
and gave the possibility of reading to three or four places ot decimals. 
It was sold in a box, and was fixed by its handle to a bracket at one 
end of the box w hen in use. 

In 18.'>1, Amedee Mannheim ( 1831 lf)06), who later became a col- 
onel in the French artillery, published his pattern of a slide rule, and 
it became the one used by that branch of the French army. It was made 
by the prestigious Parisian firm of Tavemier-Ciravet. Hie Mannhfim 
rule employed a cursor, also called a runner, and gained acceptance 
on the Continent before cro.ssing to England in about 1880, and to 
North .America in the 18J)Os. After tliis, it became the standard slide 
rule in all parts of the technical world. .Artother Continental develo|>- 
ment of the slide rule occurred in IKSfi, when the firm of Dennert and 
Pape in Germany began dividing the scales for .slide rules onto strips 
of a white synthetic material. Ivoririe was the trade name of this mater- 
ial, which allowed nmre accurate scales to be engraved, since, unlike 
wood or ivory, it had no grain. 

The long life of the simple slide rule, along with its junior, though 
more complex relative, the mechanical calculator, ended w ith the dra- 
matic dexelopment of the electronic calculator in the late l.WOs and 
the early 1970s. The last small, mechanical calculator, u-sed by many 
-scienti.sts in the IfMOs and 15>.50s, was the Curta, made by Contina .AC» 
in Vaduz, Principality of Lichtenstein. Two models were made, both 
easily held in the hand, that could .show results to II or 1.') figures 
respectively. This w as replaced by the first of the electronic calculators 
w hich made immense calculating power available inexjx'nsively, on the 
desk or in tlie pocket. 



1 6 ' Recreational Science 



By 'Reenative Science', w uaderUoMd the adtivation of the various 
branches o f f>hy$ical and mathematical itupmy in a wry to afford ammemetU 

as tvell us instruct ion . 

Kditorial in linrralnr Siietur, volume 1, no. I, p. 1 ( I860) 



In tlif figlucciitli rcntiirv srience became for tin* first tini<' a subject 
ol interest and study ior ihc layman. Those who were .sutti< ieinly 
wealthy ftirmed their own collections of items of natural history und 
scientific instruments and apparatus. Similar collections were foimed 
bv kariuti societies and institutions, and gradually this interest 
extended into many homes all tn er western Kurope, and in the L'nited 
States, where relatively common recreational items were the micro- 
sco|x», theair-pinnp, and the tflr'-r(f|K' Tlioi t olh i tions ser\e(l the jnir- 
pose of providing educatiuti and recreation. I'he nucleus of the very 
large collection of King George III, mudi of which survives in the Sci- 
ence Museum, Ijondon, was the apparatus owned by his tutor, Stephen 
I>emainbray ( ITIo Hi?), who had a considers t)lt' rt'put;ni»(i ;is :\ hr- 
turer. The lecture-demonstration proved equally [Kjpular m aristocratic 
circles - the Abb£ NoUet ( 1700-70) achieved Hune through his lec- 
tures to the French court and in towns, where the itinerant lecturer 
would arrive with liis apfwratus loaded into a cart. Educational content 
there certainly was, but a large part of the popularity of these lectures 
lay in the spectacular demonstrations of physical effects, notaUy those 
associntefl with frirtionnl elcrtrical machines and air pumps. 

Education and amusement are so closely akin that it is not surprising 
how many of die pieces of demonstration apparatus used in these eigh- 
teenth-century lectures were the direct fort rnnners of toys and amuse- 
ments made for family entertainment in tlic Victorian peritHl. .\ cliild's 
sfnnning top is almost as old as play itself, but the demonstration of 
a gyroscope provides an explanation of the dynamics behind the top's 
motion, and also that of the Earth. The tacts of dynamic motion may 
be absorbed by a child through watching a gy roscope, or he may simply 
be fascinated to watch it. and try to make it spin e\'enly. The fact that 
yesterday's science so often bci ..ini( > t<i<l.i\ s n-i rration does not makr 
it any the less scientific, huked, nun li scientific knowledge is absorbed, 
consciously or unconsciously, through play. 
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^ll Board game, itistTilH'*!; PuhUshed 
Dfcrmhfr I 7lh, IS04; by thr Profirietor, 
J o H N w ALMS, 16- Ijuinatf Street. 
London. A similar game was called 'the 
Pleasures of Natural Philosophy ', and both 
uere also sold as dissected puzzles. 
Diniensioiis rjfi.l x nun. 
1 804. Prhvile collection . 



Throughout the nineteenth century popular interest in science was 
stimulated by an apparently endless .series of hooks. These reproduced 
for the ordinary reader the well-established subject-matter of eiglit- 
eenth-century Dutch, Knglish and ?>ench writers on experimental phil- 
osophy. The idea of .science as recreation, howe\er, had its origins 
in the seventeenth century. In IHO.S a four-volume work entitled: Rec- 
reations in Mathematics and Natural Philosophy : containing Amusing Dis- 
sertations and Enquiries concerning a Variety of Subjects the most remark- 
able and Proper to excite Curiousity and Attention to the U'hole Range 
oj the Mathematical and Philosophical Sciences was published by Charles 
Hutton (1737-1823), who was a self-taught mathematics teacher, 
appointed in 1773 as professor in that subject at the Royal Militarj' 
.Academy at Woolwich. This book was a translation front the French 
of Jean Kticnne Montuda { 1725 9fi), and he in turn had made a re- 
vision and cxtensi<)t> of Recreations mathematicfues et physiipies . . . by 



RECREATIONAL SCIENCE * 293 



l^T Gentle instruction in di.scovering tlie 
depth ota well by timing the fait of a stone. 
An illuNtratmn in the IhioK pul)hslied by 
Joiui Ayrton Paris, atiunymuuiily, as 
PUIoa^y in Sport made Sdenee i» Eamett 
(Vol. l,p.M, 1827). 



Jaeque-s Ozanam (l«'K>^ 1717), a private tutor of niatlH-niatir.N in I'atis. 
His book, first appearing in 1694, went througii eiglit edition;! during 
the eighteenth century, and was also translated. He, tf)o, relied heavily 
oti iMrlitT w riters, om ot'wln)!!!, Henry van Ktti'ii (a iiseudonym ) wrote 
in trench a work tliat was published in London in {GAS, under the 
title, Mathematkall Recrmtkm. Or a Colkciion of sundrie Problemes, 
extracted out of the Ancient and Modeme Philosophers. 1'lii.s hook included 
tricks with cdins. di(-<> arirl cards, mathematical ]iii//l<'s, and l yju't iiiien- 
tal 'wonders' in optics, hydrostatics, and mechanics. I'he pattern set 
here can still be discerned £50 years later in Letters on Natural Mt^, 
1^ Sir David Brewster ( 17hi 1K<j.H), first published in IKfVH. and, tliree 
j^etierations on. in Scientific Magic by S;un Rt>senteld. puhlivhed in New 
York HI 1.9 jy. I'his series of boolis perpetuates the common theme of 
science providing a simple, reasonable explanation for apparently magi- 
cal or miraculous effects: science, in fact, as the casting-out of super- 
stition and fear. 

The nineteenth century had an insatiable appetite tor self-made enter- 
tainment to be «ijoyed all ages. Scientific demonstrations could pro- 
vide this, sujiplyine; in addition tlic clcnient of instruction which made 
amusement respectable. So Hutton liad many imitators, including the 
attractively named Philosopkieai Recreations, or tVinter Amusements: A 
CiilhctioH of Entertaining and Surprising Experiments (c. 1 840) . Other 
books were aimed directly at the young, the pill of learning; bciiij^ 
sugared by the use ot such word.s a.s "magic", fairyland', and playbook'. 
Examples of this genre are Philosop/^ in Sport made Science in Earnest, 
published in 1827 by .John .Ayrton Paris, the eighth edition of whidi 
a|q)eared in 1857, and The Fairyland Tales of Science (1889), by tite 
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[flj Toys showinj^ the principli- of 
inertia. Two yi>-yos, one in wwkI, f. 1.900 
(dianiettT T-i mm }, one in tunu'd ivory, 
f. 1 K.10 (diameter 70 mm ), aiid two 
boxwood to|wi, c. ISJK) (diameter lOUand 
W) mm ) . 'n>e tops lia\ e .stjuare opeiiing;s to 
a resonating chamber so that t)»ey sing' as 
in a siren. Priivitecolleclion. 



t 




Rev. J. Gordon M'Pherson, with chapters on 'Formation of" Dew", "'ITie 
Rainbow 'Liglitninj;', and "Micro-orgaiii-sms in Water". 

It was w itJi this sort of encouragement that science as instruction and 
amusement found its way into the home, and .so into the con.sciousness 
of many people, from an early age. Scientific toys can conveniently be 
considered w ithin the categories cho.sen by the demonstration-lecturers 

uftli*.- preivdiiig; tciitury, that iiK-ludcd iiicvhankji, hyUrustativs, uptics, 
electricity, magneti.sm, and pneumatics. 

Some of the tra\'elling lecturers sjx-cialized in astronomy, ii.sing 
gearetl models of the solar system. Such a model was usually given 
the name orrery' ~.\x\ i a .\.\mi, facing pps. 'iH9 & ,*»)+', aiui though 
some orreries of the eighteenth century are both exptmsive and elabor- 
ate, using clockwork, simple wooden versions were also made, incor- 
pi»rating a crank handle to rotate the wire arms holding balls to repre- 
sent the planets. Chemistry was usually taught separately from the 
other topics which are now grouped together as "physics', and the 
apparatus and materials used for chemical experiments were provided 
by specialist suppliers. By the l8'K)s chemistry sets for children were 
being adverti.sed, and they continued to be popular well into the present 
century, with little change in the ingredients. The jxipularity of natural 
history specimens, minerals, fossils, seeds, shells, spread from adults 
to the young, and small chests containing sea-shells and other such 
items were made for the delight and instruction of children. 

Mechanical Toys 

Two of the most ancient of toys are the whi|vtop and the hoop. 'I'o 
these can be added the yo-yo L3], a flat reel on which a length of fine 
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Q4J Gravity toy. 'Hk- puppt-ts dt'sceiid tlic- 
steps because the side bars toiitain 
mercury, the displacement of wliich alters 
tlic centre of gravity. 
c. 1880. Tissa»difr,p. SO. 




string is wound, with a loop at the loose end that fits over tla- player's 
middle finger. The reel is then thrown lightly from the hand towards 
the ground and will return as the string recoils itself. Tlie winding-up 
process acts against the force of gravity through the continuing rotation- 
al momentum from the downward motion. The name yo-yo' derives 
from the I.9S2 craze for this toy. but under a variety of names it dates 
Iwck at least to the classical Greek period. All these three traditional 
playthitjgs can be categorized as mechanical, in that they display the 
principle of inertia, their stability de|x?nding on conserv ation of momen- 
tum. Tojxs can be made of wood, bone, or ivory ; there arc yo-yos from 
the Regency period made of ivory, elaborately carved on a lathe, but 
most nineteenth-century examples are made of wood. By isao another 
inertial toy had become sufficiently popular to he described in a book 
of games: the diablo, or 'devil on two sticks'. Tliis con!ti»ted ofa double 
tone rotated by a string held between two sticks. The diablo only re- 
tains its stability in the air when thrown up if it is first made to rotate 
rapidly by rolling on the cord between the sticks - an effect similar 
to that of the gyroscope. This instrument found its way into the play- 
room after its dynamics had been the subject of mathematical treatises. 

Anthropomorphic toys, or life-like human figures, often made use 
of physical forces to produce their sjxx-ial effects. One of the oldest 
balance toys is the tumbler, usually the figure of a clown, heavily 
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'Bottle Imps', or Cartesian divers, an 

illustration from Ayrton I'aris, Philnsophy 
in sport. ( IS-O.-j). p. 197. I hr ciianR-lli-d 
glass figiirt-s hdw iit-arly tlic sfnt ific 
gravity of water. When a bladder across 
the top of the jar, which is completely filled 

vs.itcr. is pri'SM'd. .lir in the imps is 
c«m|>rcsM.-d aod tlicy sink. Vcrsion.s uf'this 
toy tove been pro(hjoed froin the 
seventeenth oentury to the present day. 



weighted at the base, so that it always riglus itscU when pushed over, 
showing a gravitational effect. The figure of an acrobat could be 
balanced on a point because he carried a curv ed bar with counterweights 
at each end, so that the centre of gravity of the combination wa.s brought 
below the point of support. A mobile centre of gravity, provided by 
a quantity of mercury placed in die hollow, flexible body of an acrobat, 
enabled xhv figure to Miiiiersault down ;i flight of .step.s "I'll- ■■Another 
version placed the mercury in hollow bars held by two acrobats, who 
somersaulted over each odi«r. Toy acrobats ooidd also be attadied to 
a rod which then rolled down gontly-indined parallel bars in a Traine, 
causing tlie figures to rotattv Yet anotlier gravitational effect was 
demonstrated by tlie toy figure w iili pivoted legs and leaded feet which, 
when placed on a slope, |%rfonned a shulHing walk. 

The operatkm of the lever found its way into tlie playro<nn in the 
form of lazy tong.s, either with a joker's head at th<- en<l, or a parade 
of wooden soldiers at the joints. Wooden birds perched on a flat lioard 

are given animation, moving to peck in turn as a pendulum weight 
swings below the board. Centrifugal force is used in tlie toy consisting 
of a circular wire track with a handle, on the inner side of which a ball 
can be made to roll at speed, and stay iti position, by a small drcular 
motion of the track. 

fFatfr Toys 

During the seventeenth and eighteenth centuries, the behaviour of 
water u,(s seriously studied, and the knowledge put to use for many 
practical and ornamental pur(H)ses The great hou.ses and pulilic gardens 
of the period were rejilctc with fountains, and models of those made 
to the pattern of Hero of Alexandria were used by demonstration4eC' 

turers. Two other of their pieces of apparatus became plavthings One 
was designed to show the cli'cct of buoyancy and specific gravity, and 
consisted of tiny figures, usually imps [|5j, so blown from glass to have 
a specific gravity dose to that of water, [f these were placed in a jar 
of water w ith a membrane over tlie top, varying pressure on tlie mem- 
brane would make the figures rise and sink. The other device was 
known as the Tantalus beaker, the figure of a man being placed in a 
glass goblet, into which water is gradually poured. Wlieti the water 
reachetl the le\ el ofhis mouth, the water slowly syphoned out by mean.s 
of a tube secreted in tlie figure. During the nineteentli century, witli 
the improvement of domestic plumbing, the large, fixed bath was to 
be found in an increasing riuml)er of liomes, and the first bath toys 
appeared. Model boats were powered by camphor pellets, the drive 
produced by the surftoe tension of the water^amphor solution. 

Optical 'I'uys 

Sight is man's chief sense, atid optics, therefore, the chief provider of 
illusicNis that were often thought to be magical. The simf^est optical 

toys are tho.se which make use of mirrors. Anamorphic drawings, or 

distorted pictures [p"} have been popular since tiie sixteenth oentury, 
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[[<j~ Aiiamorphic drawings. 'I'lie distorted 
pictures arc 'rectified' by the t-ylindriral 
mirror. Overall height of mirror 105 mm; 
diameter of base -K) mm : cards 
200 X Ifi" mm. 

c. 1830. \Iusrum of thf Ilislory o f Science 
(C. 9Ht ). 




the trick being that the distortion is rectified by a conical or cylindrical 
mirror of glass or metal. In the early nineteenth century, a toy of" enor- 
mous popularity was invented by l)a\ id Brewster ( 1781 -1«6"8). Hiis 
was the Kaleidoscof>e ( beautiful-torm viewer) 1^7], patented in 1817, 
and made under licence by several instrument makers. Over 5J(X),(kh) 
were sold in I>oridon and Paris w itliin a few inotiths of its production. 
It was an improvement on the Debusscope, and consists of a tube about 
a foot long with two glass mirrors running along the whole length 
separated from each other at an angle of (»0 . At the eye end is a small 
hole near the junction of tlie mirrors, and at the other end is the object 
box. lliis is formed of two disks of glass between which arc fragments 
of coloured glass. As tlie tube is rotated the fragments alter their |X)s- 
itions and different symmetrical patterns are seen. Modifications are 
made for use with o(>a(|ue objects, and in one version the object box 
was replacx-d with a short-focus lens so that patterns arc seen when 
the tube is directetl towards any object. The Dt-bussco/w was a late-eigh- 
teentlj-century de\ ice in which two mirrors set at ar> angle of 4.'> repr^v 
duce symmetrically any design on which they are placed. In those cases 
where the mirrors are adjustable, the toy was called a Polyscope. The 




[7j Kaleido.s(-o|K-, tlK- invention (patented 
in 1KI7) of David Brewster. I>ength 
3 1 5 mm ; diameter of w ide end 100 mm. 
c. 1 885. Museum of the History of Science. 



' aterial 
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\yr\ Engraving of a camera obscura, 
employing a mirror and lens at ihc top of 
the tent to fofus t\w viow ontt) a talilf. Such 
a device in a {wrtablc tent wa.s [x)pular for 
sketching lands<-ap*>s. f. IH70. Drsfhanrl, 
p. .9*1. 




19~ Portable camera obscura for 
sketching. Ilic head is insi-rted through 
the curtains. Tlie whoU- de\ ice |>ack.s into 
the flat, mahogany ca.se for transport. C'aiie 
aDO X -»s!8 X 88 mm. 




f. 1840. Museum of the Unlorv oJ'SdfttCf 
(C.-lH). 
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Designograpk was a type of Kaleidoscope for viewing optaque objects. 
The objects arc placed on a wooden disk which may be rotated by turn- 
ing a knob on the top of the base. On looking through a .small hole 
down the jiillar, tlic object can be seen with its reflexions in two sheets 
of glass backed with black paint. 'I"he mirrors are set at an angle of 40'. 

One of the oldest of all optical tricks was that employed in the so-called 
camera obscura (dark room) l8 & .9j, from whicli our modern word 
camera is derived. A room was darkened by shutters with a pin-hole 
through whicli an inverted image of the outside scene was thrown on 
to the opposite wall. Later, a lens in the hole and a mirror rectified 
the image, recreating the outside scene in life-like manner. Tlie camera 
obscura, complete with pin-hole, ground glass screen and lens, was pro- 
duced, from the eighteenth century onwards, in box form, as a recreation- 
al device. Tl»e early nineteenth-<"entury interest in sketching also 
extended to tho.se with little natural skill, who were able to use optical 
aids, sudi as Wollaston's camera Imida flOj and Varley's grapkic 
Ulescope [llj. To tTcate the illusion of seeing picture<l .scenes with 
the vivid, three-dimensional effect of actual vision, mirrors and lenses 
were used in a number of ways. 

'Ilie Zograscope or 'optical diagonal machine', was tiiade for viewing 
prints of landscapes, thereby endeavouring to create an illusion of see- 
ing the landscape directly. The origins of this device are obscure, but 
it is thought to have first apj)eared in Paris early in the eighteenth 
century. To counter the re\er.sal ot the image brought about by the 
mirror, the prints liad to be made reversed. Such reversed prints were 
certainly on sale in 17.13, and the device continued to be popular into 
the nineteenth century. The Stereoscope (solid-\icw) is an instrument 
intended to prcxluce a single mental image, giving the impression ot 
solidity as in ordinary vision, from two pictures of the same scene. The 
original form, the reflecting stereoscope [[I'i], was invented by Charles 
Wheaistone in the 1830s; the user looks at two mirrors set in a "V, 



[ 1 0] Camera Iih ida , signed : A L E X ' 

ALEXANDER OPTItrlAN TO THE 

KING EXETER las.-j. The CJ clamp fits to 
the edge of a table, the arm ad justed to 
suit, and a .sketcli is made by viewing 
through the prismatic end. Here, mirrors 
bring to tlic eye a su|N.-riitip<>.vLHl image of 
the landscafte and the sketch pad on the 
table. The camera lucida was invented by 
\V. Hyde Wollaston atid patented in 1806*. 
Alexander Alexander worked it) Kxeter 
from 1 8 1 2 to 1 820. Ov erall length, as 
pliotographed. ,SHO mm. 
c. 1815. Museum of the History of Science. 
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LI I J Graphic telescope, sipned: Cornelius 
Varlcv's Patent ( Jraphir Telcscopo. 'Hie 
latent was registered on 5 April 1 ki i , 
Light is received by a plane mirror at 45° 
to the axis of the tube. A lens and mirror 
system at the eye end su]KTim|X)ses the 
distant and sketL°li]>ad images. Ix-ngth of 
body iso mm ; overall Iwight I +"2 mm. 
t\ I H20. Museum of Ihr Hislory of Scirnce 
(C..'Jb\t). 




[12] Wheatstone stereo viewer. This 
ty[K' works by reflecting the image of a pair 
of drawings to the eyes by two mirrors set 
at 90" to each other, the joint edge towards 
the |X'rson viewing. With appropriate 
drawings, or photoj^raphs, a distiiKt 
impression of thri-e ditnetisions is 
conveyed. Charles VV lu-atstone liad made a 
steri'o.seo|K' by )S3'2 but did not publish it 
until IH38. 

c. 1870. Science Museum ( 1 884-6). 



which reflect pirtiircs placed at the .sides. The refracting or lenticular 
form of the device was invented by David Brewster and consi.sts of 
two tubes containing lenses tlirough which the two pictures are seen, 
one by each eye "xxviii, facing p. so+J. Brewster first announced his 
invention in l S K*>, but could find no British optician willing to manufac- 
ture it, so lie went to the I'arisian firm of Duboscq, who made and 
exhibited the first stereoscope at the Great Exhibition in 1851. Queen 
Victoria saw it there and was amused by the optical illusion, giving 
the instrument a drawing-room vogue which produced sales compar- 
able to those of tile kaleidoscope. 
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TlSj lilt- first illustration of a 
Thaumatropc, invented by John AjTton 
Paris and dcst:ribcd in liis book, Philosophy 
in Sport ( 1 827 ) , Vol ,1, p. l . Paris, a 
doctor, realized that the retina of the eye 
retains an image fur about j^ih of a sci-ond. 
In the book it is called: "A lurw optical toy 
invented by the author, and tennitJ a 
thauniatrope', whicli he translated as 
'wonder-turner'. 




C 1 4J l^ft and right : both sides of two 
thauniatro|M.'s, which, when spun, will 
show the lady riding on the horse and the 
dog confronting the cat. The images of the 
two sides apjiear as one through tin.- 
persisietia- of vision effect. Cards measure 
I X 7H mm. 

Mid-l.«Jth century. Museum of thr History oj 
Science (77 17). 



Cheap and simple Hevices intended to create a three-dimensional ef- 
fect were ihv peeps/iiru; in the form of a pajxT concertina, and the ]x*e|v 
egg. 'l lif petpshow has tlie plates so arranged that tliey can be pulled 
out into an extended tube, giving an ettective 'distance' view of scenes 
where length is particularly significant, for example, the Tliames Tun- 
nel, ojjened in IH-tS, and the nave of Westminster Abbey on the oc- 
casion of Queen Victoria's wedding. The peep-egjf was made of alabas- 
ter, a translucent material, with a lens in the top, through which up 
to three different scenes could be viewed by rotating a knob. These 
objects were sold as souvenirs at holiday towns. 

A w hole range of optical illusion devices which became |x)pular dur- 
ing the ninetifenth century are based for their effect on tiie phenomenon 
of |icrsistence of vision, that is, the ability of the eye to retain the 
impression of an object for a fraction of a second after its disapfK-arantx'. 
These devices, which for some reason attracted elaborate Greek names, 
were the direct forerunners of the modem cinema, and the first was 
actually invented by a leading medical man to illustrate his research 
into jXTsistence of vision. He was Dr John Ayrlon Paris ( 1785-1850 ), 
who became president of the Koyal College of Physicians in 184+ and 
first demonstrated his invention in 182.5. The Thaumatrope (wondcr- 
tunier) Ql.S & 14" consists of a card disk with two different figures 
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~i;'r Kngraving to sIidw how the 
I'raxinoscope tht-atre was um;*!. 
c. 1880. Tissandier.p l'J7. 



drawn on the two sides, which aix? apparently combined into one when 
the disk is rotated rapidly. An impression made on the retina o( the 
eye lasts between ^ and ^ of a second after the object that [ircxJuced 
it is withdrawn. 

The Phennkistosi opf was in\ entetl in I K3'2 by Professor J. A. F. Plateau 
of Brussels, and almost simultaneously by Professor S. Stampfer of 
Vienna, who called his instrument the Strobauope. A di.sk with fijjures 
arranged radially representing a moving object in sutxe.ssive positions 
is sput> on an axle. Reflexions of the figures in a mirror are viewed 
by looking through radial slits cut in the disk. Persistence of vision 
produces the impression of actual motion, litis invention was the first 
of all the later and more complicated forms of motion picture. The 
'/.iiftntfH-, or Wheel ol I.ife, a de\ elopment of the Phenakistoscop*', was 
invented by W. (». Horner of Bristol in 18.'}4, but it was not marketed 
until IHfiT. Tlie device consists of a slot-pierced drum which revolves 
horizontally on a pivot. Inside the drum below the slots is a paper band 
on which are drawn figures in \arious stages ot movement. W hen 
the drum is set in motion and the figures are viewed through the slots 
an impression of action is given. The French Praxinoscope [[l.i, xxix 
\ x.Nx. facing p, ,S0.5', an improvement on the '/t>etro|x.\ was inxentetl 
and patented in 1877 by Professor Emile Rcynaud. Instead of slots to 
|»er through there are rectangular mirrors set roimd an inner drum 
which reflect the image drawn on the paper strip fixed to the inside 
of the outer drum. When .set in nu)tiot) the impression of movement 
is smoother and less fatiguing to the eyes than is the case with earlier 
devices. 

'I'lie magic lantern, which, in its simplest form, cast the image of a 
pictiirt' paint«'<l on plnsK onto n •icreon by me.ins of a r.indlp sot Kohind 
the glass, enjoyed great |)opularity in the- home throughout the nine- 
teenth century, gradually developing into the cinematograph projector. 
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[ifij Mapir lantern show in a drawing 
room. l«(>7. Marion, p. Hi'. 




The desire to animate the image projected by the magic laiithom 
& 17" led to the jiroduction of mechanical slides. The scene is painted 
on two glass disks or plates which can be moved relative to each other. 
One plate may be pushed across another to give the impression of a 
procession, a side lever may rock a .ship or cause a j>art of the scene 
to be alternatively obscured and exposed, and one disk may be rotated 
by a crank to show the daily motion of the earth or the movements 
of the planets. The Chroniatntpe gave the effect of rapidly expanding 
and contracting pattenis of coloure<l lines, an<l the earlier Eidotrope 
consisttxl of tw o pierced metal disks w hich contra-rotate to give moving 
.shadow patterns. This moire pattern effect is used today in the electron 
microscopical investigation of thin metal foils. 



^17] Magic lantern, made of tin-plate 
(knowii as Ru.ssiaii iron) and bra.ss, with 
wooden slide carrier, 'l lu- lens holder is 
engmvetl : L . C . f .This stands f»)r I^nulon 
County Cduik II, which first came into 
exi.stence in 1888. 




c. I H90. Museum of Ihe History of Sciencf. 




8^ Example of Beale's C'horculoscope, 
which is an attempt to animate a shde for 
a riiagif lantern, it was invented in is«« by 
Lionel S. Beale. The six views ol'a skeleton 
are sutx-essively hnnight into view l>y 
turning tin- fiandtc. Brass frame 
aV'i X I l.S mm. 

f, lHf>(>, Musfum iij thf History of Sarncf. 



Tlic Cktireutoicope ^isl was one of the first attempts to project a 
moving figure onto a sireen. This device was invented in I86'6' by 
Lionel S. Beale ( 1H'28-I9(W>), physician and microscopist. and 
a.ssistant to Sir Henry Adand at Oxford in 1H>7- Intermittent move- 
ment and the shutter action are achieved by means of a circular disk 
carrying a pin attached to a handle. As the disk revolves the pin engages 
with a notch on the slide, moving it on by the spacx* of one picture 
and at the same time raising the shutter. This arrangement is a forerunn- 
er of the maltese cross deviix> used in cinematography. Another de- 
\iiv tor n.se witii a projector wa.s tlie \\ lu"<'l of Life. Patented in 1871 
it was basically a Phenakistoscope disk, but now of glass, with a contra- 
rotating sector disk in front of it. Eadweard Muybridge ( 183()-I.M()4) 
used this technique in 1880 to projm photographs of the sum'ssive 
movements of animals. He called his instrument the Zoopraxi.sio{)e. 

The Kimira w as a tomi of [x-epshow devisetl by an American. Hennan 
Casler in the 18.90s, a smaller version of his Mutoscope. By the turn 
of tile eentui y Mul»».si t>pc Parlours bad been set up all ovc-r the- I'liilL-d 

States, and the ntachines were also installed on seaside piers in Kngland. 




[^XXVII^ Astronomical screon. described 
on a printed sheet stuck to tlu- back ; 
Elton's minia i t rk 

TRANSPARENT ORRERY. It Isdated: 
Princfs-Slrerl , Vattndnk-SqtMre, February, 
IS 1 7. The screen is a roller blind pierced 
with illustrations of the constellations and 
heavenly bodies. Tlje case is mahogany, 
with pilt-brass feet. Overall height 
U60 mm ; w idth l«JO mm. 
1817. Museum o f the History of Saence 
(S9S0J. 



'xxviii' Brewster stereo viewer. This 
tyjK- i-m])loys a |iair of lenses angled to 
view a card with a |)air of .specially 
preiiarixl photographs mounted on it. 
David Brew.ster first announced it in 184.<J. 
After Queen Victoria saw it in l«.5i it sold 
in vast quantities, .si-corul only to the 
kaleidoscope. Box iicx> x lo,^ x (height) 
105 mm , glass .screen in viewer 
I K) X fK) mm. 

c. 1 865. Whif>ple Museum ( 7H0 ) . 







L20" Flducational coni[x>uiHl riiiiTosco|K' 
of PYench manufacture. The micr(iM.H)|H' 
was iIk.' most popular of scientific 
ri'iTcations in the .second half of the 
ninctoentli century 
1 SbT . Murion, p. ISO. 

[[21 J I'rojection microscofH?. with the light 
souRV a larhon arc, the electricity 
>!;encratiHl by a iiattery of voltaic cells. 
IH67. Marion, p. /J-f. 

OPPOSITE : 

^XXIX^ I'raxinoscope Theatre', patented 
in l«"7 by Kmile Reynard in Paris. This 
was an inipr«>\ cment on earlier moving 
picture machiiie>, because instead of 

l<]<>kiii^ tlinui^li .hIiik, iIh' ^^lt■t■^■^^i\ c* itiiu^cN 

Were reHitied in a rotating drum of twelve 

mirrors. Mahogany b<ix 

•2'>0 X <2H~ X (height closed) lii.". mm; 

diameter of outer druni sJdo mm. 

c. I88f>. PrimU colleclwn . 

[\ X Part of an animated strip from the 
Praxinoscope. Total length of each strip 
G5H nun; width .O/i nun. 



The effect was producetl by nuiunting small photographs of an animated 
scene on tt> strips of f>a|X'r which are then mounted radially on an 
axle Ih).ss. VS'hen the boss is rotated each photograjih is hei{i momentar- 
ily in from of the lens before being rephux'd by tlie follow ing pholt)- 
graph. Persistence of vision gives the impression of continuous move- 
ment. 

A cheap, manually-ojx'ratcci version of the Kiiiora was |X)pular 
around the turn of tlie cx>ntury, in the form of flip, t)r flicker, lx>oks. 
l"liese incorporated sets of prints which, when the pages were flipped 
by the thumb, gave the impression of a .sequence of natural movement. 
Many people contributed to the development of instruments to photo- 
graph and project film strips between the years 1885 and 1895. Among 
these must be mentioned Louis Aime Augustin \£ Prince ( 1842 .90}, 
William Friese-CJrcenc ( I8.'>5-iy21 ), who patented celluloid ribbon 
film in IK8.0, and the I.nmiere brothers. I»uis jean ( 1 Srtl- 1 .^48 ) and 
Auguste Marie ]x>uis Nic»>las I.uniiere ( XHd'Z l.').'>4) patented a caniera 
and projector contained in a single apparatus on 13 February \H9h. 
It incor[K)rated the important in\entioii «»f an eccentrically driven claw 
drive for moving the filnt strip, 'llieir first film was shown in Paris 
on 'i'i March 1895. The device was called Kinetrosco|K' de projection, 
but soon altered to Cinc-matographe. 

Of the two most important optical scientific instruments, the micros- 
cope Liio 8c ^ and the tcle.scojK' & it was the foniier, because 
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[^'22" Di\'i(l(''d lelc.sfO|X', a dv\ ifc for 
producing an optical illusion depcndeni on 
mirrors. Hrass tubing, on a mahogany 
ba.so. Basflxwrd l x 1 1 2 mm ; overall 
height nun ; dianu'tt-r ol'tubc V.'> mm. 
i: l«7<). If'hiftffle Museum (ISSfi). 



of its convenient size, wliic li btiame most popular with the lajtnan. 
Tlirough it, all manner of common, but minute objects could 1k> exa- 
mined: insects, hairs, seeds, minerals, plant organs. Its use encouraged 
the systematic collection of material from ponds, rivers and hedgerows, 
and fitted in excellently w ith the tiineteentlwentury vogue for the study 
of natural history. By the iHttos there were microscopes to suit every 
taste and pocket, from the simple bead of Canada balsam in a piece 
of card, costing a penny, to elaborate and expensive boxed microscope 
kits in mahogatjy boxes. Many books were produced for the amateur 
micro.scopist, from the age of ten upwards. An example of their continu- 
ing popularity was a small volume entitled Common Objects of the Mic- 
roscope, first published by the Rev. J. G. Wood in 1861, which was 

still in print in I fi-W. 



Kngraviiig showing a divided 
telescoix' in use, apparently seeing ttirough 
a stone. 

f. IKHO. Tissandier, p. /.V.5. 
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[|!2+" Ciamc for teaching Freivch grammar. 



cniployiMg a sttTct inagtu'tic uccdk-, and 
strips of iron embedded in three question 
disks. The magnetic needle points to 
the correct answer. Insmlx'd: LA 

ORAMM.^lRF. JEi: MAGN^.TIQUE - 
INSTRI IRE EN AMUSANT. BoX 
2»5 X a.io X Ho mm. 
c. \i)00. Prnvle collection. 




Electrical Toys 

T]w recreational use of electricity goes back far beyond the modern 
battery-powered cars and train-.sets. Natural pliilosophers of the eight- 
eenth century investigated the production of static electricity from fric- 
tion, using va.st machines of brass and plate glass. Tliese machines, 
when scaled down for use in the home, could create amusing and start- 
ling efl'ects; therefore, from about 1800, kits were sold, that included, 
as well as the manually-cranked machine, pith puppets that could be 
made to dance, a model head w ith long hair that would stand on end, 
and electrically operated chimes (see also Chapter 1 1 ). Another electri- 
cal toy was the thunder house, which demonstrated the effect tjf lijrlit- 
ning. the walls being made to collapse in respcinse to an electric shock. 
Other pieces of apparatus which later appeared as playthings were the 
Gcisslcr tube and the Volta electric pistol. In the latter part of the cen- 
tury, miniature versions of the Wimshurst electrical machine, and the 
telephone, were sold as toys. In the 18,SOs tlie electric generator was 
developed by Michael P'araday, and later toy dynamos were made to 
be driven by model steam-engines, the small current generated causing 
an electric lamp to light up. The origin of many moving toys of the 
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nineteenth and twentieth centuries may be traced to niotlel-s made for 
serioiu design and demonstration purposes ; examples are engines, car- 
riages, and ships. 

Magnetic Toys 

The magnetic cnnpass was known in the twdfUi century, but tlie first 

.scientific studv (if magnetic attraction was published by W'illiaiTi Gil- 
bert in 16UU. I'lie loadstone had a practical use for making magnetic 
needles for compasses, but it was also a curiosity because of its power 
to exert a mysterious force over distance. In tlie nineteenth century 
horseshoe magiiets wvw fx>pular toys, and another game consisted of 
a peg on which circular niagnets with a hole in the middle cuuld be 
positioned, either fitting tugetlier in one polar orientation, or holding 
mysteriously apart in the other. The use of secreted magnets is found 
in a numlxT of games of the period. In one of these, there is a picture 
of an artist painting at an easel, and a group ot scenes is provided, 
each containing a magnet in a diflerent position. When one of die scenes 
is positioned, a miniature of it apjxTirs on the artist's easel, brought 
into place by the attraction of anotlier small magnet in a rotating disit 
which carries the sequeiKie of scenes in miniature. Magnetic attraction 
is used in anodwr game to teach grammar by questimi and answer ^84^ . 
.\s a particular question is positioned, the magnetic pointer moves to 
indicate the correct answer. 

.-//> and Heat Toys 

All manner of heat and air jKiwer was investigated and put to serious 
use during the cightcctuh and ninctct-nth a-iiturics, which saw the 
invention of the air^ximp, and, in 1 7 1 8, the building of the first effective 

steani-engiiK' by Tliomas Newt omen. Windmills, kitesand air balloons 
naturally found their way into the playroom. The ptjwer of an up- 
draught of hot air, u.sed to turn a jack in large kitchens, gave rise to 
a toy which incorporated a paddle wheel, tiumcd by hot air from a gas 
jet, and a cranked axle that aeti\ ated little figures I'opular tovs which 
demonstrated air pressure were a ball balanced on a jet ol air blown 
through a tube by the mouth, and die long bladder or paper tube which 
uncoils when inflated. Steam power was used ,iv the motive jiowcr for 
toy trains, but it was hazardous, particularly tor movitig models, and 
clockwork gradually took over for most moving toys. 

In the progress of science one can distinguish a high road, with 
markers such as Galileo, Newton, I,a\(>isier, Faraday, and a low road, 
through Ozanam, Montucla, Guyot, Mutton, Pepper, Houdin. One 
group worked and taught at the frontiers of science, the other followed, 
to instruct through amusement. Their skill is to show that the strange 

ami fearlu! ran hv readily ex|)lainetl, and so rht \ apjx'alcii to impression- 
able adults in Uie eighteentli century, youngsters in tiie nineteenth, and 
school children in the twentieth. There are several demonstration pieces 
popular in 1700 still available today in toyshops; and many, like the 
yo-yo, among the oldest of playthings, will never lose their popularity. 
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Instrument makers 

exhibiting at the Great Exhibition of 1851 



M»<r; Only producers ol'sciciitiiic instruments are included : those listed solely as inventors are omitted. Names 
and addresses are refn'oduoed as printed, keeping the anglicizatitms and political boundaries. 



Abraham Abraham & Co, iio Ixjrd Street, Liverpool, UK 
C. E. & F. Amoldi, Klgersburg. Gotha, Pinusia 

H. Au.sreld, Gotha, Prussia 
Henry Baker, .'»() Flattun (Jardeii, I/Oiidon, v k 
Kobert M. Barrett, 4 Jamaica Terrace, Limehouse, London, 
UK 

V\'«'ii/.el Rutka, I'rjf»iic, Ausiri:i 
C. Becker, Aniheni, Tlie NV tin rl.mds 
J<rimBennett,«6 Ch aps! lie, Lotulon. i k 
Joseph B£nuiger & Co, 97 Hue Centmle, Lyons, France 
DesW F. Bernard, SO Rue des MamourxeM, Paris, France 
W il!iatn RotuI i'i Soti, Rostoii, MjNsailuisfiis, > ■. 
Uuiutct, 5 Cheinin de Runde de la Barrierc, Mcnilinuiitaiit, 
France 

Eugene Bourdon, 74 I'auliourg du Temple, I'ari.s, France 
John Brahaiii, 17 Si Aujju.stiiu-'s I'arade, Bristol, UK 
F- W. Breiihaupt & Son, t assel, Hesse, Prussia 
Breton Brotlters, !23 Kuv Dauphinc, Paris, France 
Buran, 8 Rue des Trois Pavilions, Paris. France 
V. RiiSk li, HatlM iu)\\. I'nissia 

W t allajrlian, t.i (.ileal Hiissell Street, Hhn>msl>ury, 
1 .ondon. i h 

Carpenter & Westley, !24 Regent Street, Ijondon, ux 
Chadhum Brothers, Sheffield and Liverpool, tk 

Cliarles C'liev alici . l ."'^ I'alais NatiuiKil. I\iris, Ftaiiie 
j C'ortey J Smith, r \'\ i<\ uienee How, Finsbury, London, 
I i< 

Cullot Brutliers, 41 Hue dc I'Eoolede MMidne, Paris, 

France 

John Cricliton, 1 lii Ix'adenhall Street, I^omUm, i k 
De Uraeve, Short & Fanner, 59 St Martin s-le-Orand, 
London, vk 

L. J. IX leuil. s Hue dii I'ont-ile-Lod!. Paris, Frame : and 
7 Altln>r)H' Street, (iray's Itm I.,arie, IxMidon, i k 

Edward John Dent, 61 Strand; atidSSCockspur Street; and 
34 Royal Exchange, London, uk 

Detouche & Houdin, £28, fidO, Rue St Martin, Paris, 
Fran<x- 

C. VV. Dixcy, .i New B«Mid Street, Ix>ndt>n, i k 
Cieorge Dollond, St Paul s (')iureiiyard, London, uk 
John Dover, 14 Little New Street, Londoit, v k 



Duliosui-Solei). .s."; Kuedel'Odeon, Paris, France 
Eleitric Telegraph Co ; no address given ( manufacturers of 

C(H)ke and VVheatstonc telcgrafthic apparatus in 

l.iiniinn, i k) 
Elliott & Sons, 56 Strand, London, ux 
J. Ericason, New York, us a 
Traugott Ertel Suns. Keieliftihacli. Ba\aria 
Richard Facy, Wapinnj; W all, l^mdnn, ( k 
Robert Field & Son, 1 1 i New Stn i t, Ifiniiingham, VK 
Gustave Frometit, 5 Rue M^nilmontant, Paris, France 
Adrien Gavard, » Qua! dc rHorlogc, Paris, Prance 

rit< 1 ( iorilU'll.l. 1*'1< il c'lir, 'I'llsi .i;p, 

Samuel Green, 7 Helmet How, Old Street, London, i k 
John J. Griffin & Co, .'i.s Raker Street, London, f k 
Henry Grimnldi, ^ i Brooke Street, Holbom, London, uk 
F. Gisi, Aarau, Switzerland 

William Harris N S)n. .')<i lUfih Hulbori). London, UK 

J. N. Heardcr, 34 George Street, Plymouth, v k 

William Thomas Henley, 4« St John's Street, Clerkenwell, 

1 .(illdnn, 1 h 

Soreii Hjoi tli. (.'npc-iilianen. Denmark 
Hoffinaiiti \ I.lHTliardt, Berlin, Prussia 
Home, Thornthwaite & Wood, I S3 Newgate Street, 
London, uk 

lni]K'rial I'lilvti- i linir Institute, \''' iiii.i. \i.-<tria 
hii|HTial Ijor.sk W orks, near St I'eter.slnirg, Kussia 
Franz Jerak, Prague, Austria 

johnsoii Maithey, 7f) Hation Garden, London, UK 
Jurgensens Sons, Cojieiihagen, Denmark 
James Kern. Aarau, Sw itzerland 

lliomas D. King, Bristol, uk 
T. KInzelbach, Stuttgart, Wurtembuiy 
Cieorge Knight ^ Sons, Foster Fane, London, UK 
\V. l.add, Hfi I'enioti Place, Walw»jrth, I,«ndon, UK 
Jean Antoine Laur, 4 Rue St Claude au Maraia, Paris, 
France 

Alexandre Lebrun, 3 Rue Chapon, Paris, France; ag^t 

SaiiMiion.SSRed I. ion s..|'.i:mv. Ixuidon. uk 
K. I, ittmaii. Stockholm, Sv\eili-n 

VVillem Martinus I»genian, Haarlem, The Nedterlands 
J. F. Luhme & Co, Berlin, Prussia 
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C. Luttig, Berlin, I'nissia 

J, S. Marr;)lt. *>'.'i King W illiam Sirci-t, Ijundon Bridge, 

Louis Ma«sct, Yvenlon, Switzerland 

George Merz & Sons, Munich, Bavaria 

Miiltfiii S'n'i;!« i-, saRueNcm t St NicDlas, Paris, France 

Nadu't, l«» Hue JSorpente, Paris. Kraiuv 

Negretti & Zambra, 1 1 Hatton Garden, Lomlon, vk 

J. Newman, ifiS Regent Street, London, u K 

Wm Newton h Son, 69Chancer>'Lane; and 5 Fleet Street, 

Loiiilon, I i< 
Julius Nissen, L'upeniiagen, Denmark 
F. A. Nobert, Berth, Pomeranla, Prussia 

Aiit;ust (^crtl'mj;, Bfrliii. Prussia 

Ludwig ( ^Tiling, I.! Stoic Sirt* t, IktHurd Niuari', l.uiidini, 

UK 

James Parkcs & Son, 5 St Mary's How, Birmingham, uk 
James Pick. Warsaw. Russia 

Ntorrin I'l'l I'-i hi r. .'ifts Oxlotd Stu i i , I union, i u 
Francis Augu.stus I'i/7.ala, l.'> 1 laltDii (iardeii, IamiiIuii, I h 
Andrew Pritchard, UH Fleet Street, London, vk 
Clement Riefler, Nesselwang, Bavaria 
I.. Keiiuann, Ik'rlin. I'ru.ssia 
i'aolo RtK'dietti, I'adiia. Austria 

Andrew Koi»s, i Kcatlu-nitunc Buildingx, ilolbom, London, 
UK 



Willian) John Saltnoii, -ifit Whiti-chapel Road, London, ok 

John Sang, Kirkaldy, Scotland, i k 

Emil Schrckitcr, l)ussc'ld()rt. i'mssia 

Siemens & Halske, Berlin, Prussia 

William Simms, IS8 Fleet Street, London, v K 

James Smith & Richard Beck, Coleman Street, London, 

IK 

Joseph Solomon. J J Ked Lion Sjuare, London, UK 

Somalvioo & Co, I lattun Ciarden, London, uk 

W. Suess, Marburg, I lesse. Prussia 

Otarlcs Xav ItT riionuN, I'oliiuir : and IS Ruedu Helder, 

Paris, France; agent M. de Fontiine Moreau, 4South 

Street, Finsbury Sqiare. London, irx 
James Tn vx Co, 2* Charlotte Street, Blackfriars Road, 

London, i k 

Varley & Son, I Charlea Street, Clarendon Square, London, 

VK 

Felix Vedy, .W Rue de Bondy. Puris, France 

\ I' V'iIktu- Falun. Swi ilrii 

\\ atiiin.s ^ Hill, :> C'lianng Cross, London, i> k 

Weiss & Son, 6-i Strand, London, uk 

William Wilton. St Day. Truro, t k 

William Wray, M I lavering Street, Cumnun iai Road 

Fast. Ijondon. t k 
Cieoi^ge Yuatcs, i Grai'ton Street, Dublin, v k 
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No general bibliography on scientific instninients exists, though there are a few dealing with restricted topics, 

sikIj ;is (»ptif.il instruments ( ]iLihlishc(l in 'riirncr, Kssiivs mi the Ilislorx of t/if Mii nist fifye^ si-c lx-Io\v } . An important 
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history of science and technology. 
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No as|x-i t <))■ till- iKist, Ih.' It architecture, music or 
pi)ftr\ can he .stuilied ill a vacuunt ; each contributes 
to the understaiulinp oCthc otluT. K^iually, a study 
(>r the ilcsign and developnieni of medical instru- 
ments adds a new dimension to our discernment of 
the past and, as such, is neither gruesome nor 
sadistic. 

This hook is the first «»f its kind to be written 
and covers the history iil medical and surgical 
instruments Irom the Middle Ages to IK70; with 
it are diapters on dental and veterinary pieces an<l 
such adjuncts of the sickroom as leiiling utensils, 
merlicine receptacles and tlujse items ol the toilet 
concerned with hygiene, as well as early spectacles 
and ear trumpets. Thrt>ugh the instruments one 
may find a mass of social coninient and a dramatic 
artx)unt of medical history, culminating in Lister's 
victory over septicaemia wliicfi separates the 
instruments in this lK>ijk from tiiose ol today. With 
the introduction of antisepsis and the eventual 
accx'ptance of sterilization for all instruments they 
necessarily Uvame plainer and less interesting, the 
mure decorative materials being precluded from 
use. 

Vor the growing number of colleitors this Iniok 
is long overdue and for them the Directory of Sur- 
gical Instrument Makers will be invaluable provid- 
ing, as it does, a framew ork for the dating of pieces 
by named makers. Included for the layman is a sim- 
ple glossary of terminology and a chart show ing, 
iiiteniationally. tlii' comparative dales of <liK~tors 
and surgeons. 'I'he book is |>rofusely illustrated 
with .sso photographs originating fmm many dif- 
ferent sources. 
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